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ABSTRACT 
A. butzieri is considered to be an emerging foodborne pathogen and is closely related 
to Campylobacter spp. A. butzleri has been associated with human enteritis and bacteraemia. 
Despite its potential role as a pathogen for humans and animals, up to now the knowledge of 
A. butzleri genome organisation, pathogenicity mechanisms and virulence factors is limited. 
This study is the first to analyse the genome of A. butzleri NCTC 12481. By using 
one- and two-dimensional Pulsed Field Gel Electrophoresis in combination with Southern 
hybridisation, the A. butzieri genome size was estimated (2.5 Mb) and a physical map was 
constructed, containing 35 restriction enzyme recognition sequences (6 for Sail and Sad!, 8 
for EagI, 10 for XhoI and 5 for l-CeuI) and 14 gene markers (5 copies of the genes for 16S 
rRNA and 23S rRNA; 2 copies for glyA; one for rpoC and rpoB). 
In the attempt to identify virulence factors of A. butzleri, a homolog of pg/F, a gene 
involved in N-linked protein glycosylation in C. jejuni, was found. Although the genes 
surrounding pg/F in A. butzleri did not reveal a cluster order as in C. jejuni, the intriguing 
possibility for protein glycosylation in A. butzleri (perhaps involving different mechanisms) 
remains, since a glycosylated protein was detected by Alcian blue staining of an outer 
membrane protein extract. Three major proteins of the A. butzleri outer membrane extract 
were analyzed by MALDI—TOF and LC-MS mass spectrometry and were identified as PorA, 
FlaB and CadF which are known to play a role in pathogenicity in other bacteria. 
Preliminary biochemical data was obtained for capsular polysaccharide material produced by 
A. butzieri and electron microscopic analysis revealed a polysaccharide capsule on the 
surface of A. butz/eri. 
In vitro studies of the interaction of A. butz/eri with epithelial cultured cells (Caco-2) 
demonstrated the ability of A. butz/eri to attach to and to invade Caco-2 cells. 
Currently no vectors for genetic engineering in A. butzleri have been described. In 
order to develop a method for transposon mutagenesis of A. butz/eri, a Himarl transposon 
delivering vector carrying C. jejuni kanamycin resistance gene (aphA type III), was 
constructed. Attempts to obtain transposon mutants of A. butz/eri following electroporation, 
conjugation or heat shock transformation all failed, despite varying the conditions used. 
This study reveals novel information about A. butzleri. The obtained results provide 
an important foundation for further investigation of this organism and contribute towards 
broadening the knowledge of this potential foodborne pathogen. 
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Chapter 1 	 INTRODUCTION 
1.1. 	Arcobacter spp. 
I.I.I. Taxonomy and morphology 
The classification of Arcobacter spp. was proposed (Vandamme et al., 1991) 
to describe organisms that had previously been referred to as "aerotolerant 
campylobacters". 
Figure 1.1 Electron micrograph of A. buizieri. 
In Latin "Arcobacter" means bow-shaped rods. According to 16S rRNA-
DNA hybridization and 16S rRNA sequence analysis, Arcobacter spp. are closely 
related to, but distinct from, the genus Campylobacter. Although arcobacters are 
phenotypically similar to campylobacters, two notable features, namely marked 
aerotolerance and ability to grow at lower (15-25 °C) temperatures, distinguish 
Arcobacter spp. from campylobacters and similar taxa (On et al., 1996; Vandamme 
et al., 1992a). The phylogenetic and phenotypic characteristics of the genera 
Arcobacter and Campylobacter had led to the proposal of the family 
Campylobacteraceae, (Vandamme and Deley, 1991). The members of the family 
Campylobacteraceae are Gram-negative, non-sporing curved (occasionally straight) 
rods, which may also appear as spiral. Arcobacters are generally 1-3 by 0.2-0.9 Pm 
in size and display a corkscrew or darting motility by the means of a single polar 
flagellum (Mansfield and Forsythe, 2000). Growth occurs at 15-37 °C, but is optimal 
at 30 °C under microaerophilic conditions (10% CO 2 , 5% 02,  85% N2). Arcobacters 
have a C+G content of 27 to 30 mol %. Arcobacter spp. share morphological 
similarities with both campylobacters and helicobacters and are included in the VI 
rRNA Superfamily of Proteobacteria (also epsilon subdivision of Proteobactena) - a 
taxonomically diverse group which also includes the genera Wound/a, 
Sulfospirillum, Nautilia, Carninibacter, Sulfurimonas, Sulfovorurn, Thiovulvum, 
NitratJfractor and Nitratiruptor among others (Donachie et al., 2005; Nakagawa et 
al., 2005; On, 2001). Some species live in association with animals but others are 
free living; they are found in diverse habitats including sulfurous springs, activated 
sludge, deep sea sediments and hypersaline lagoons. The average level of similarity, 
based on the 16S rRNA sequence, between the arcobacters and campylobacters is 
approximately 86%, and that between arcobacters and helicobacters is approximately 
85% (Wesley eta!, 1995). When the genus Arcobacter was proposed (Vandamme et 
al., 1992b) four main species were included: Arcobacter butzleri, Arcobacter 
cryaerophilus, Arcobacter skirrowii and Arcobacter nitrofigiiis. The 16S rRNA 
sequence data indicated that the species of Arcobacter form a coherent group, with 
interspecies level of similarity no less than 93.8%. A. nitrojIgills, which is a free-
living nitrogen-fixing microorganism (McClung etal., 1983), is the most distantly 
related. A. butzleri, A. skirrowii and A. cryaerophilus which have been associated 
with disease in humans and animals, share a 97% level of similarity. The two 
subgroups of A. cryaerophi!us (group IA and group 1 B), which cannot be 
distinguished by routine biochemical laboratory assays but are differentiated by 
SDS-PAGE and RFLP analysis, exhibit a 99.4% sequence homology and are the 
most closely related (Wesley et al., 1995). Recently two further species, A. cibarius 
and A. halophilus, have been described (Donachie et al., 2005; Houfet al., 2005). 
Wirsen et al. proposed Candidatus Arcobacter sulfidicus as a provisional name for a 
coastal marine sulfide-oxidizing bacterium (Wirsen et al., 2002). 
1.1.2. Occurrence in food and water 
Worldwide, there is increasing evidence that livestock animals are significant 
reservoirs of Arcobacter spp. and over the last few years, the presence of these 
organisms in raw meat products has received increasing attention. Arcobacter spp. 
are frequently isolated from meat products with the highest prevalence in chickens, 
followed by pork and beef. Arcobacters have been isolated mainly from poultry, 
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particularly chicken in many countries: Canada, France, Spain, Belgium, Denmark 
Japan and Australia with varying recovery rates depending on the isolation 
techniques. Eggs, however, do not appear to be infected (Zanetti etal., 1996). Of all 
Arcobacter spp found in meat products, A. butz!eri is the most prevalent, followed by 
A. cryaerophi!us (deBoer etal., 1996; Houfet al., 2003; Kabeya et al., 2004; Morita 
et al., 2004; Ongor et al., 2004; Rivas etal., 2004). A. ski rrowii is often detected at 
very low rates which can be due to low prevalence in meat or can be explained by the 
fact that it is more difficult to isolate than the other species of the genus. A high rate 
of isolation of A. butz!eri and A. cryaerophilus is observed on chicken carcasses from 
both markets and abattoirs (Atabay et al., 2003; Houfet al., 2002; Kabeya et al., 
2004). Although A. butzleri is routinely isolated from poultry carcasses, it is 
infrequently detected in caecal samples, suggesting post-slaughter rather than 
primary contamination of the animals (Atabay and Cony, 1997; Harrass et al., 1998). 
Diversity in the DNA patterns of A. butz!eri isolates has been shown within samples 
from turkey processing plants, suggesting a multiplicity of contaminating sources 
rather than one major source (Manke etal., 1998). Arcobacter spp. have been found 
also in broiler chickens and ducks marked for human consumption (Ridsdale et al., 
1998). 
Apart from poultry and other meat, Arcobacter spp. (mostly A. butz!eri) have 
been isolated from various types of water. A butzleri has been isolated from a 
drinking water reservoir in Germany (Jacob etal., 1993), river or surface water 
(Diergaardt etal., 2004; Moreno etal., 2003; Morita etal., 2004), a well-water 
source in USA (Rice etal., 1999), from canal water in Thailand (Dhamabutra etal., 
1992) and sewage (Stampi etal., 1999). During the investigation in the drinking 
water treatment plants in Germany 141 strains of Arcobacter spp. (of which 100 
were A. butz!eri) were isolated against only six strains of campylobacters (Jacob et 
al., 1993). This may however also be a reflection of the different optimal growth 
temperature of these bacteria. Little is known about the effects of drinking water 
treatment on Arcobacter spp. but A. butzleri has been found to be sensitive to 
chlorine disinfection (Rice etal., 1999). Thus consumption of contaminated non-
chlorinated drinking water is a likely source of exposure to arcohacters. 
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1.1.3. Presence in healthy animals 
Arcobacters, especially A. butzleri, have been isolated from clinically healthy 
pigs at various prevalence and colonization levels, with a diversity of species and 
strain potentially occurring without any clinical symptoms, and with simultaneous 
shedding of two or three species (Van Dnessche et al., 2004). Large heterogeneity 
among the Arcobacter spp. are commonly detected in pigs and their farms as 
demonstrated by Van Driessche etal., 2004. Using a highly specific m-PCR assay 
healthy cows have been found to shed Arcobacter spp. in their faeces (Wesley et al., 
2000). Arcobacters have been isolated from clinically healthy cows at levels of up to 
iO4 c.f.u. per gram faeces and the characterization of the 164 isolates have shown a 
significant heterogeneity, in many cases the animals have been colonized with more 
than one genotype (Van Driessche et al., 2005). As for Campylobacter, genotypic 
diversity of Arcobacter among animals is explained by genomic rearrangements of 
the parent genotypes during recurring exposure (Hume et al., 2001; Van Driessche et 
al., 2004). 
Although Arcobacter spp. are isolated with high frequencies from chicken 
meat (see above), the bacteria are not frequently detected in the intestinal tract of 
these birds. No arcobacters were isolated from the contents of the large intestine of 
slaughtered chickens despite the high prevalence on chicken carcasses (higher than 
that of Campy!obacter spp. (Houf et al., 2002). It has been suggested that the 
intestinal tract of poultry, due to the high body temperature (41 °C), may not be a 
favorable habitat for non-thenmophilic Arcobacter spp. Results of the recovery rates 
from artificially inoculated birds indicate passing-through but not colonization by the 
bacteria of the intestinal tract, followed by contamination of the environment (Eifert 
etal., 2003). The presence of Arcobacter in livestock, the mechanism by which they 
spread and contaminate the environment clearly need further study because of the 
epidemiological and the food safety aspects involved. 
1.1.4. Association with animal illness 
In the late 1970s aerotolerant Campy!obacter-like microorganisms were 
isolated from aborted bovine and porcine foetuses (Ellis etal., 1977; Ellis et al., 
1978; Neill et al., 1979). These organisms were later classified in the genus 
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Arcobacter. Nowadays, strains of A. butzleri, A. cryaerophilus and A. skirrowii have 
been isolated from aborted foetuses and placentas of bovine, porcine and ovine origin 
(Vandamme et al., 1992b). Association of Arcobacter spp. with porcine infertility 
and abortion has been reported worldwide (deOliveira et al., 1997). In Denmark, a 
high prevalence of Arcobacter spp. associated with pig abortions was found while no 
other microorganisms associated with porcine reproductive disorders were detected 
(On et al., 2002). According to Schroeder-Tucker and co-workers, the clinical signs 
associated with Arcobacter infection include infertility, chronic discharge during 
oestrus, chronic stillborn problems as well as late-term abortions (SchroederTucker 
et al., 1996). Venereal transmission of the bacteria is likely since A. butzleri and A. 
cryaerophilus were recovered from preputial fluid of bulls (de Oliveria etal., 1999) 
and A. skirrowii from preputial fluid of boars and fattening pigs (Vandamme etal., 
1992b). Despite the fact that Arcobacter spp. are present in live newborn piglets and 
their placenta (Ellis et al., 1978), and their ability to colonize and invade one-day-old 
piglets (Wesley et al., 1996), infection of nursing piglets by Arcobacter-positive 
mothers has not yet been demonstrated (Hume et al., 2001). It is thought that some 
Arcobacter strains play a primary role in abortion while others may be opportunistic 
pathogens colonizing the foetus (On et al., 2002). Whether or not this reflects 
differences in virulence is unknown. The role of Arcobacter spp. in chronic 
reproductive disorders in farm animals and the economic effects thereof have not 
been investigated. 
Apart from reproductive problems in farm animals, Arcobacter spp. have 
been found to be associated with enteritis and diarrhoea in animals: A. butzleri has 
been isolated from faeces of diarrhoeic pigs, cattle, horses, ostriches and tortoises; A. 
ski rrowii - from sheep and cattle with diarrhoea and hemorrhagic colitis (Vandamme 
etal., 1992b). Several reports on the association of A. butz!eri with diarrhoea in non-
human primates are available (Anderson etal., 1993; Higgins etal., 1999). The 
bacteria were isolated from 14 diarrhoeic rhesus macaques of which seven were co-
infected with C. co!i and C. jejuni. No other potential enteric pathogens were isolated 
and histological examination of the colonic samples showed acute and chronic 
inflammation, identical to Campy!obacter colitis. Ribotyping of the isolated strains 
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suggested that A. butzleri might be endemic in this primate population (Anderson et 
al., 1993). 
1.1.5. Association with human illness 
In humans, as a result of contamination, three species, A. butzleri and more 
rarely, A. skirrowii and A. cryaerophilus, have all been associated with human 
enteritis and occasionally bacteraemia (Lehner etal., 2005; Lerner et al., 1994; On et 
a!, 1995; Wybo etal., 2004). Patients with A. butzleri infection have reported 
suffering from diarrhoea associated with abdominal pain, with the occurrence of a 
variety of symptoms including nausea, vomiting and fever (Vandenberg et al., 2004). 
A variety of typing methods have revealed that Arcobacter is the fourth most 
common Campylobacter-like organism (after C. jejuni, C. co/i and C. upsaliensis) 
isolated from human stool specimens (Vandenberg et al., 2004). A. butzleri was the 
only potential enteric pathogen isolated during an outbreak in an Italian nursery and 
primary school where ten infected children suffered from recurrent abdominal 
cramps with no diarrhoea (Vandamme et al., 1992a). In Thailand the bacterium has 
been isolated from diarrhoeic children (Taylor etal., 1991). Human bacteraemia 
caused by A. butzleri and A. cryaerop/ii!us has been reported in a few cases. In three 
cases, the patients were elderly people of whom two suffered from chronic illness 
(Hsueh etal., 1997; Lau etal., 2002; Yan etal., 2000). Vertical/transplacental 
transmission was assumed in a case of newborn bacteraemia caused by A. butzleri 
although the mother showed no signs of an infectious disease before delivery, except 
recurrent haemorrhages due to placenta praevia (On et al., 1995). Except for one case 
of bacteraemia (Woo et al., 2001), Arcobacter infection described in humans has 
been mainly detected in patients with chronic illnesses, both elderly and children. 
Despite the fact that specific isolation procedures are seldom applied in routine 
laboratories to recover A. butzleri, an outbreak of gastroenteritis has been described 
(Phillips, 2001; Vandamme et al., 1993). The first two cases of chronic diarrhoea due 
to A. butzleri have been reported in Chile (Fernandez et al., 2004). The isolation of 
A. butzleri in association with clinical symptoms and in the absence of other enteric 
pathogens as well as successful treatment with erythromycin suggested that this 
microorganism has been the responsible of both cases. 
Relatively little is known about the global contribution Arcobacter spp. have 
towards human health. In developed countries, compared to C. jejuni, A. butzleri is 
more frequently associated with persistent, watery and asymptomatic diarrhoea and 
less often with acute and bloody diarrhoea, as caused by C. jejuni (Vandenberg et al., 
2004). The significance and prevalence of Arcobacter in human infections is still 
unknown and has probably been underestimated because of inappropriate detection 
and typing methods from stool samples and due to the fact that clinical samples are 
not routinely tested for Arcobacter spp. as it is routinely done for Salmonella spp. 
and Cainpylobacter spp. Although Arcobacter is currently not a major public 
concern for healthy humans (like many other pathogens), Arcobacter infections 
could become life-threatening for immunocompromised people (Snelling etal., 
2006). 
1.1.6. Pathogenicity factors of A. butzleri 
More than a decade after the genus has been established and despite many 
reports on the presence of Arcobacter spp. in food and their association with human 
and animal illness, there is still limited knowledge on the pathogenicity of these 
bacteria. In an in vitro study (Musmanno etal., 1997) eighteen isolates of A. butzleri 
from river water samples have been examined for putative virulence characteristics. 
Toxin profiles based on cytotonic, cytotoxic and cytolethal distending factors have 
been determined following analysis of responses induced in Vero and CHO cultured 
cells. Adhesion and invasion abilities have also been tested on HeLa and Intestine 
407 cells. All but one strain induced cytotoxic effect on the cultured cells in vitro. 
The cytotoxic negative strain caused elongation of CHO cells (a cytotonic-like 
effect) and also was the only one which adhered to cells in vitro. None of the tested 
strains exhibited invasive abilities. However, Fernandez and co-workers proposed 
invasion as a possible pathogenic mechanism in Arcobacter cryaerophilus 
(Fernandez et al., 1995). Wesley et al. reported that Arcobacter spp. are able to 
colonize neonatal piglet intestines (Wesley et al., 1996) and thus suggested an 
invasive potential, although no gross pathology was observed. An Arcobacter 
haemagglutinin has been characterized as an immunogenic protein of about 20 kDa, 
with an activity sensitive to heat and proteolytic digestion. It is a lectin-like 
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molecule, which may bind to erythrocytes via a glycan receptor (Tsang et al., 1996). 
In a study using a PCR system to screen Arcobacter isolates from poultry, cattle, 
water and human diarrhoea for the presence of cytolethal distending toxin (CDT), no 
CDT gene positive isolates were observed (Johnson and Murano, 2002). However, 
toxicity to HeLa and [NT407 cells was detected. These cells were subsequently 
analyzed for cell cycle arrest in the presence of the Arcobacter extracts. Cells treated 
with Arcobacter sonic extracts and filtrates exhibited normal cell cycle progression, 
DIN EN.CITE 
hat CDT was not expressed by Arcobacter spp. Thus, the authors concluded that 
Arcobacter spp. produced an entity that was toxic to some cells in culture, but its 
mechanism of action seemed different from that of the ('amp ylobacter CDT. 
1.1.7. Detection and typing of Arcobacter spp. 
Arcobacters as well as campylobacters are to a large extent biochemically 
inactive, and therefore many tests are needed for species identification and 
differentiation (Atabay etal., 1998; On etal., 1996). Even with the application of 
these tests the identification and differentiation of Arcobacter spp. is still difficult, 
which may lead to misidentification. It has been reported that in order to determine 
the true prevalence of disease in humans and animals, to monitor the occurrence in 
food, environmental and clinical samples and to elucidate the epidemiology of 
Arcobacter spp. more specific, rapid and sensitive isolation and identification 
methods are required (Atabay and Cony, 1997; Cony etal., 1995; On etal., 1996). 
Since phenotypic tests have not been well standardized and variable results have 
been reported, this has rendered these tests unreliable as a sole method for 
identification. Alternatively, molecular-based approaches, including electrophoretic 
protein patterns, ribotyping, DNA-DNA hybridization, PCR assays and restriction 
fragment length polymorphism (RFLP) have been developed mostly to improve 
detection and species-level identification of arcobacters. 
Using ribosomal RNA genes for identification and taxonomy 
The nucleotide sequence of ribosomal RNAs has been used to identify 
prokaryotes. Because of the highly constrained and essential function of the 
ribosome, the nucleotide sequence changes that can occur in the rRNAs, yet still 
allow the ribosome to operate, are limited. That is why the sequences of the 
ribosomal DNA (DNA that encodes rRNA) have been proved to be very useful in 
microbial classification and especially in identification. Of the different rRNAs (5S, 
16S, 23S), the 16S molecule has most taxonomic value because of its moderate size 
(approximately 1500bp). Some regions of the 16S rRNA genes are highly conserved 
among all prokaryotes, whereas others are quite variable. Changes in these conserved 
regions occur very slowly over time and are thus useful for determining even distant 
relationships of diverse organisms. At the same time it is the variable regions of 
rDNAs that are used to identify an organism (Nester et al., 2003). 
Molecular methods applied to identify and differentiate Arcobacter spp. 
Wesley and co-workers have designed several molecular probes for 
identification purposes. Selection of 16S rRNA sequences which differentiate 
Arcobacter organisms from other Campylobacter- like organisms has resulted in the 
design of highly specific nucleic acid probes (23-mer and 27-mer) which are broadly 
reactive with all species of Arcobacter. The 27-mer probe generates reliable RFLP 
patterns with key restriction fragments to identify A. butzleri (-3.0 kb.), and A. 
cryaerophiius (-3.2 kb). Because of the association of A. butzleri with enteritis in 
humans and animals and its potential public health importance, a species-specific 
probe (24-mer) has been designed which hybridizes only with A. butzleri strains and 
does not react with reference strain of A. cryaerophilus, A. ski rrowii or A. nitrofigilis 
(Wesley et al., 1995). Performing hybridization of PvuII-digested Arcobacter 
chromosomal DNA with the genus-specific probe, the same authors also 
demonstrated the presence of multiple (three to seven) copies of the genes encoding 
16S rRNA for Arcobacter spp. 
Ribotyping has been shown to be very sensitive and reliable for identification 
of Arcobacter isolates (Kiehibauch etal., 1991). In ribotyping, genomic DNA is 
digested by restriction endonucleases that cut frequently and fragments are separated 
by electrophoresis. Then probes targeted at the rRNA genes are used to visualize 
fragments that contain rRNA sequences. The specific hybridization patterns form 
different ribotypes. The typing ability of this method is based on the fact that the 
sequence of the rRNA genes is highly conserved but the number and the distribution 
of the ribosomal operons in the bacterial genornes vary. However, the routine 
laboratory use of ribotyping has been originally troubled by the facts that the 
procedure has to be optimised for the organism under investigation and also the 
original protocols involve the use of hazardous chemicals or radioisotopes. A 
modified procedure including hybridization with non-radioactive digoxigenin-
labelled probes for highly conserved 16S rRNA gene discriminates between strains 
of Campylobacter, Helicobacter and Arcobacter or maximally between Arcobacter 
strains respectively (Kiehlbauch et al., 1994). 
Polymerase chain reaction (PCR)-mediated detection of DNA polymorphism 
with primers aimed at variable sequence motifs has shown to be simple, rapid and 
useful tool for species identification of arcobacters and for studying the 
epidemiology of Arcobacter spp. infection in humans and animals (Vandamme etal., 
1993). A two-step typing method based on PCR-RFLP analysis of the 16S rRNA 
gene involving digestion of the amplicon with DdeI and TaqI has produced unique 
fingerprints for A. butzleri, A. cryaerophilus and A. ski rrowii. However, as the 
scheme does not differentiate between Campylobacterjejuni and Campylobacter 
coli, it probably will not be useful in wider, routine laboratory tests (Marshall et al., 
1999). 
The 23S rRNA gene is larger with more variable regions than 16S rRNA 
gene and so provides the basis for more discriminating and specific identification 
assays than the ones based on the 16S rRNA gene. A protocol has been developed 
(Hurtado and Owen, 1997) using three restriction endonucleases (HpaII, CfoI and 
Hinfi) to generate 23S rRNA gene-based PCR-RFLP profiles, thus allowing 
differentiation between A. butzleri and A. nitrojIgilis. However, this method failed to 
distinguish between A. cryaerophilus and A. skirrowii because they have identical 
patterns with those restriction enzymes. 
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Multiplex-PCR (m-PCR) techniques, targeting the 16S and 23S rRNA genes 
have also been developed for simultaneous detection and identification of A. buizieri, 
A. ciyaerophilus and A. skirrowii (Atabay and Corry, 1998; Harmon and Wesley, 
1996; Harmon and Wesley, 1997; Houfet al., 2000). 
Using pulsed field gel electrophoresis (PFGE), Hume etal. (2001) examined 
isolates from nursing sows and developing pigs, identified by PCR as Arcobacter 
spp. Their genotypic fragment patterns, examined by PFGE, revealed a level of 
genotypic variation consistent with the hypothesis that pigs have been colonised by 
multiple arcobacter parent genotypes (Hume etal., 2001). These genotypes may have 
undergone genomic rearrangements - a property observed among C. jejuni isolates 
(Wassenaar et al., 1998), during successive passages through the animals. 
Whole-genomic fingerprinting by the determination of amplified fragment 
length polymorphism (AFLP) is a high resolution genotypic method which has been 
used for genotyping a range of bacteria (Savelkoul etal., 1999), including C. jej uni 
and C. coli (Duim etal., 1999; Kokotovic and On, 1999). On and co-workers have 
shown that AFLP profiles are useful in identifying taxonomic (species and sub-
species) and epidemiological (clone and strain) relationships in a wider range of 
Canipylobacter spp. (On and Harrington, 2000). They also found that AFLP is useful 
for concurrent species identification of the family Campy!obacteraceae including the 
four species of Arcobacter (On and Harrington, 2001). AFLP is a demanding 
technique but once optimised and adopted in the routine laboratory it has the benefits 
of being robust and highly discriminatory. 
A strategy using PCR amplification of the partial g!yA region, followed by 
species-specific oligo probe hybridizations to identity C. jejuni, C. co!i, C. lan, C. 
upsaliensis, A. butzleri and A. butzleri-like strains has also been suggested to be a 
useful diagnostic tool for testing strains of these species. Although oligo probes have 
a high specificity they are not as sensitive as probes based on DNA fragment 
hybridization (Al Rashid et al., 2000). 
Molecular-based approaches have shown a great potential for discriminating 
and identifying Arcobacter spp. However, the incomplete data available on the 
Arcobacter genome and the limited and controversial research done on the 
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mechanisms of its pathogenicity restricts the information that can be obtained from 
these molecular approaches. 
Campylobacter spp is a very well described human pathogen present in many 
food products and many existing and newly designed treatments have been evaluated 
for their effectiveness in eliminating this organism. However, these may not be as 
effective to inactivate or remove Arcobacter spp., even though Arcobacter spp. and 
Campylobacter spp. are closely related (Phillips, 2001). If Arcobacter spp. are 
demonstrated to be a major cause of foodborne illness, then each control treatment 
should be re-evaluated for its effectiveness against the organism in order to ensure 
that the reduction of contamination is actual and not merely based on extrapolation 
from studies with other pathogens. 
It is clear that more detailed investigation of Arcobacter spp. is necessary, 
both to ascertain their role in foodborne illness by providing more molecular and 
genetic evidences for pathogenicity factors, and to reveal specific or unique 
molecular markers, based on genome features, which will help developing rapid, 
unambiguous and routine identification and typing methods. Since the genome of 
Arcobacter is not completely sequenced more profound genome exploration will 
certainly contribute to establish the significance of this organism as a human 
pathogen as well as to reveal its evolutionary relationship with other 
microorganisms. 
1.2 	Mapping of bacterial genomes 
1.2.1 Pulsed Field Gel Electrophoresis (PFGE) 
PFGE has proved to be a powerful approach to study bacterial genomes 
(Leblond and Decaris, 1998). In 1982, Schwartz and Cantor devised a method 
allowing the separation of DNA fragments ranging from 35 to 2000 kb (Geuspin-
Michel, 2000). PFGE is a molecular typing method based on restriction fragment 
length polymorphism (RFLP) which allows efficient separation of large DNA 
fragments in a constantly reorienting electric field. High molecular weight DNA is 
obtained by embedding whole cells in agarose plugs with subsequent lysis. After a 
detergent and proteolytic treatment, cell components are washed out, leaving intact 
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chromosomes immobilized in the agarose. This method requires the use of rare 
cutting restriction enzymes which cleave the genome to a limited number of 
fragments. Restriction fragments are resolved in an agarose gel by an apparatus that 
constantly switches the direction of the current according to a predetermined pattern. 
In contrast, in conventional gel electrophoresis, all DNA fragments larger than about 
30 kb migrate with the same speed. Generally, to start moving, DNA fragments have 
to be properly oriented along the force lines of the electric field. The time required 
for this orientation is proportional to the size of the DNA fragments over a broad 
range of sizes. That is why in PFGE large molecules can be effectively separated in a 
constantly reorienting electric field on the basis of this size-dependent time required 
for reorientation (Fonstein and Haselkorn, 1995). Thus PFGE provides approaches to 
whole genome analysis through the determination of genome size and shape, as well 
as through the study of the genetic organisation and variability. PFGE can be used 
also for genome mapping by ordering the macrorestriction fragments in physical 
maps. This approach is particularly useful for microorganisms that have been poorly 
studied at the genetic level (Leblond and Decaris, 1998). 
In addition, two dimensional pulsed field gel electrophoresis (21) PFGE) 
procedures have been developed and used in the construction of physical maps for 
different circular bacterial chromosomes (Bautsch, 1988). The technique involves 
two successive steps of PFGE. The first dimension separates DNA fragments arising 
from partial digestion with a restriction enzyme. After the run is finished a lane 
containing the pattern is cut out from the gel and subjected to a complete digestion 
with the same enzyme. Then the lane is inserted in a new gel and a second PFGE is 
run in a direction perpendicular to the first one (partial/complete 2D PFGE) (Fig. 1.2). 
A variation of the partial/complete 2D PFGE involves separation of DNA fragments 
completely digested by two different enzymes, one in each PFGE run 
(complete/complete 2D PFGE) (Brugere et al., 2000) (Fig. 1.3). 
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partial/complete 2D PFGE 
First PFGE after 
partial digestion with 
restriction enzyme A Lane cut from the gel and 
subjected to complete 
digestion with enzyme A 
Lane inserted in a new gel 
followed by a second PFGE 
run in a perpendicular direction 
•.: 
• completely digested fragments 	 o completely digested fragments 
• partialy digested fragments deriving from the partialy 
digested ones from 
the first dimension 
Figure 1.2. Schematic representation of partial/complete two-dimensional pulsed field gel 
electrophoresis (partial/complete 2D PFGE). 
complete/complete 2D PFGE 
First PFGE after 
complete digestion with 
restriction enzyme A Lane cut from the gel snd 
subjected to complete 
digestion with enzyme B 
Lane inserted in a new gel 
followed by a second PFOE 
run in a perpendicular direction 
I • •• 	l 
0 
0 
p.' 	0* 0'-' 
• completely digested fragments 
by enzyme A 
o completely digested fragments 
by enzyme B 
• completely digested fragments 
by enzyme A uncut by 
enzyme B 
Figure 1.3. Schematic representation of complete/complete two-dimensional pulsed field gel 
electrophoresis (complete/complete 2D PFGE). 
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1.2.2 Physical mapping 
The publication of the first physical maps of bacterial genomes started a new 
field in molecular biology, called genomics, i.e., the study of integral genome 
structures (Geuspin-Michel, 2000). By definition, a physical map consists of an 
ordered set of DNA fragments encompassing the genome or region of interest. The 
benefits of having a physical map are: it enables the isolation of any region of the 
genome, which can be genetically identified; it provides a starting point for studying 
global genomic organisation. Physical maps provide information about the shape of 
the chromosome (Leblond and Decaris, 1998). Thus, if it is a single circular 
molecule for one given rare-cutting enzyme, each site will be overlapped by a 
restriction fragment generated by a second enzyme. Genome size estimation can also 
be achieved with PFGE by the use of restriction endonucleases that generate a small 
number of DNA fragments. After PFGE resolution, the size of each fragment can be 
estimated relative to the appropriate size standards. The total size of the genome will 
be the sum of the size of all DNA fragments. Physical mapping is completed by 
localization of genetic markers on the chromosomes (such as gene loci) by Southern 
hybridization analysis. For that purpose, homologous and heterologous DNA probes 
can be used (Leblond and Decaris, 1998). 
PFGE performed with a single or double digestion, plus 2D PFGE combined 
with Southern hybridization has been successfully used to construct physical maps 
for the genomes of several bacteria including Escherichia coli K- 12 (Smith et al., 
1987), Campylobacterjejuni and C. coli (Taylor et al., 1992), Bartonella 
bacilliformis (Krueger et al., 1995) and Clostridium saccharobutylicuin (Keis et al., 
2001) as well as for small eukaryotic genomes (Brugere et al., 2000). 
1.3 	Virulence factors in related pathogens 
A bacterial pathogen is usually defined as any bacterium that has the capacity 
to cause disease. Its ability to cause disease is called pathogenicity. Virulence 
provides a quantitative measure of the pathogenicity or the likelihood of causing 
disease. Virulence factors refer to the properties (i.e., gene products) that enable a 
microorganism to establish itself on or within a host of a particular species and 
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enhance its potential to cause disease. Virulence factors include bacterial toxins, cell 
surface proteins that mediate bacterial attachment or colonization and cell surface 
carbohydrates and proteins that protect a bacterium from the environment and from 
the immune response of the host (Chen etal., 2005). 
1.3.1 Flagella 
In both campylobacters and helicobacters, as well as in many motile intestinal 
pathogens, motility and chemotaxis are well established virulence factors. For C. 
jejuni the flagellum is a virulence factor which is one of the best proven 
experimentally (Penn, 2001). The genetics, biogenesis and regulation of expression 
of flagella and their role in virulence are therefore of great interest. Flagella comprise 
one of the most complex surface structures of bacteria. In Enterobacteriaceae in 
which the flagella have been best characterized, large and complex flagellar 
regulation mechanisms govern the flagellar expression. Structurally, the flagellum 
can be broken down to 3 basic parts: a filament, a hook, and a basal body. The 
filament is the rigid, helical structure that extends from the cell surface. It is 
composed of the flagellin proteins FIaA and FlaB, arranged in helical chains so as to 
form a hollow core. The hook is a flexible coupling between the filament and the 
basal body. The basal body consists of a rod and a series of rings that anchor the 
flagellum to the cell wall and the cytoplasmic membrane. The bacterial flagellum has 
no internal fibrils and does not flex. Instead, the basal body acts as a molecular 
motor, enabling the flagellum to rotate and propel the bacterium through the 
surrounding fluid. 
For both H. pylon (Eaton et al., 1992) and C. jejuni (Yao et al., 1994) the 
possession of flagellum and the ability to undergo chemotactic motility are well 
established prerequisites for virulence in available models in vivo and in vitro. The 
evidence is mainly derived from the testing of virulence properties of aflagellate, 
non-motile or non-chemotactic mutants in comparison with wild-type strains. It is 
widely assumed that motility and chemotaxis are required for the penetration of the 
mucus lining the stomach and intestine, so that in both organisms they may localize 
correctly in relation to the gastrointestinal epithelium (Penn, 2001). The mechanisms 
by which C. jejuni is able to enter eukaryotic cells are not yet fully understood, 
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although adhesion and invasion have been shown to be dependent on motility and 
chemotaxis (Nachamkin etal., 1993; Newell etal., 1985; Takata etal., 1992). 
Recently, evidence is beginning to accumulate that components of the flagellar 
apparatus participate in the export of virulence factors in several pathogens (Konkel 
et al., 2004). For example, experiments by (Young et al., 1999) demonstrated that 
Yersinia secretes flagellar outer protein via the flagellar apparatus. More recently, 
secretion of virulence - associated proteins from Bacillus thuringiensis has been 
found to be dependant on fihA, an essential component of the flagellar apparatus 
(Ghelardi et al., 2002). 
Gram negative bacteria possess different mechanisms for transport proteins 
across the bacterial membranes (Buttner and Bonas, 2002). A protein secretion 
pathway induced upon contact of the bacteria with host cells has been referred to as 
type III secretion system (Cornelis et al., 1998). Requirements for type III secretion 
system include the absence of a cleavable amino-terminal signal sequence in the 
secreted protein, export of the protein across the bacterial inner and outer membranes 
without a periplasmic intermediate, and a signal to induce secretion (Kubori et al., 
1998). 
It has been demonstrated that C. jejuni synthesizes a set of proteins upon 
coculture with epithelial cells, some of which are secreted (Konkel etal., 1999; 
Rivera-Amill et al., 2001). These proteins have been named Campylobacter Invasion 
ntigens (Cia proteins) because they have been found to be required for maximal 
invasion of intestinal epithelial cells by C. jejuni (Monteville and Konkel, 2002). The 
Cia proteins appear to conform to the criteria for the type III secretion proteins. 
However, the C. jejuni genome sequence has revealed that the only apparent type III 
export system is the flagellar apparatus (Konkel et al., 2004). The authors have also 
demonstrated that the secretion of the Cia proteins required a functional flagellar 
basal body and hook and at least one of the filament proteins. 
Apparently, the flagellum of the described pathogenic relatives of Arcobacter 
spp. does not only ensure the motility of the bacterial cells but is also involved in the 
infection process by providing a machinery for the secretion of effector molecules 
required for the infection. Therefore it is not surprising that in enteric bacteria the 
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biosynthesis, assembly and regulation of this complex structure are controlled by 
more than 50 genes (Penn, 2001). 
Arcobacter spp have been shown to possess one polar flagellum which 
mediates corkscrew type motility. No further details on additional roles of 
Arcobacter flagella are available and clearly more investigation is needed in order to 
establish the potential function of this organelle in Arcobacter pathogenicity. 
1.3.2 Outer membrane proteins 
The outer membrane of Gram-negative bacteria primarily consists of 
phospholipids, lipopolysaccharide, and a group of outer membrane proteins (OMP) 
that account for approximately 50% of the outer membrane mass (Koebnik etal., 
2000). Outer membrane proteins (OMP) of Gram-negative bacteria have diverse 
functions and are directly involved in the interaction with various environments 
encountered by pathogenic organisms. Thus OMP represent important virulence 
factors and play essential roles in bacterial adaptation to host niches, which are 
usually hostile to invading pathogens (Lin etal., 2002). The adaptive responses, 
which are stimulated upon infecting a host, are towards conditions such as nutrient 
starvation, presence of antimicrobial peptides in the circulating system and the 
mucosal surfaces, bactericidal activity of complements, antibiotic treatment or 
presence of detergent-like bile salts in the intestines (Lin et al., 2002). For example, 
since bacteria need iron for their growth and the host levels of free iron in vivo are 
well below microbial requirements, possession of iron uptake system and functional 
iron regulated OMPs are essential for bacterial survival and virulence. Examples of 
OMPs induced under iron-restricted conditions in vivo include Vibro cholerae, 
Proteus, Kiebsiella pneumoniae, Pasteurella haemolytica and Haernophi!us 
influenzae (Holland etal., 1992; Kadurugamuwa etal., 1988; Morck etal., 1991; 
Sciortino and Finkelstein, 1983). 
Animal sera exhibit bactericidal activity primarily through the action of 
complements. An essential function of the OMPs is that in Gram - negative bacteria 
they promote bacterial resistance to complement-mediated killing by preventing the 
activation of complement cascades and/or blocking the formation of a lethal 
membrane attack complex on the bacterial membrane. Examples of OMPs involved 
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in the serum resistance are PorlA in Neisseria gonorrhoea (Morello and Bohnhoff, 
1989), OspE in Borrelia burgdorferi (Heliwage et al., 2001) OmpX in E. co/i and its 
homologs among other Gram negative bacteria. OmpX belongs to a group of OMPs 
that not only promote bacterial resistance to the bactericidal activity of complements 
but also play important roles in adhesion and invasion (Vogt and Schulz, 1999). 
In C. jejuni, a 55 kDa OMP was found to be overexpressed in two mutants 
which were resistant to pefloxacin or cefotaxime (Charvalos et al., 1995). Both 
mutants showed cross-resistance to other structurally unrelated antibiotics compared 
to the parent strain, indicating that this OMP was involved in multi-drug resistance 
via an efflux system with broad specificity. The major OMP in C. jejuni (MOMP) is 
by far the most highly expressed protein in the species and shows extensive but 
stable polymorphism between isolates, ranging in molecular weight from 41 kDa to 
46 kDa (Newell etal., 1984). There is substantial evidence for its role as a porn and 
its invariable presence suggests that it is essential for the organism. The contribution 
of MOMP to the C. jejuni pathogenicity has been demonstrated to be its involvement 
in adhesion to host cells INT 407 (Schroder and Moser, 1997). The adhesion has 
been found to be mediated by binding of OMP to the extracellar matrix of the host 
cells. Binding to extracellular matrix proteins, including fibronectin, laminin, 
collagen has been described for several pathogenic microorganisms including 
Staphylococcus aureus (Kuusela, 1978), enterotoxigenic E. coli (Froman et al., 1984) 
and C. jejuni (Kuusela et al., 1989). 
A significant C. jejuni outer membrane host-interactive protein is the 
fibronectin binding CadF (çampylobacter adhesion to fibronectin) (Konkel et al., 
1997). CadF protein mediates the binding of Campylobacter to fibronectin (Fn), 
promotes bacteria—host cell interactions and facilitates the colonization of chickens 
intestine. The gene coding this protein is conserved among diverse groups of 
Campylobacter spp. (Mamelli et al., 2006). 
Several C. jejuni OMPs, PEB 1, PEB2, PEB3 and PEB4, present in acid 
glycine extracts have been shown as strongly antigenic polypeptides with PEB I and 
PEB4 identified as host-cell binding factors (Kervella etal., 1993; Pei etal., 1991). 
Another Campylobacter protein associated with the outer membrane is the 
phospholipase A, encoded bypldA (Grant et al., 1997) of which a homolog has been 
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found in H. pylori where it plays a role in colonization of the gastric mucosa (Dorrell 
et al., 1999). Phospholipases are associated with lysis of erythrocytes by a number of 
bacterial pathogens. The pldA mutant was shown to have a reduced haemolytic 
activity compared to the wild-type strain, suggesting a role for the phospholipase A 
in the lysis of erythrocytes by C. co/i. Since hemolysins are associated with the 
disease-causing potential of a number of bacterial pathogens, it is likely that the 
phospholipase A plays a role in Campylobacter virulence (Grant et al., 1997). 
In addition, two groups have reported intriguing evidence of expression of 
proteins including outer membrane proteins, only in host-associated organisms. The 
authors reported expression of proteins during bacterial growth in rabbit intestinal 
loops but not in vitro (Panigrahi et al., 1992) or proteins expressed only by bacteria 
maintained in chickens and not in laboratory conditions (Chart et al., 1996). 
In summary, the outer membrane proteins of C. jejuni, H. pylori and other 
Gram-negative pathogens, have shown to be a rich source of potential factors in 
virulence and antigenicity of these bacteria. 
1.3.3 Protein glycosylation 
Covalent modification of proteins by carbohydrates is considered a key 
strategy to substantially influence and modulate protein structure and function. 
Protein glycosylation provides a combinatorial potential for creating variant 
oligosaccharide structures which is a strategy for the fine tuning of cell-cell 
recognition and signaling. Until recently protein glycosylation had been considered 
to be solely a eukaryotic property. This has now changed and the established 
paradigm that bacteria do not glycosylate proteins is no longer valid. Protein 
glycosylation in prokaryotes is an accepted fact. Intriguingly, in Gram-negative 
bacteria most glycoproteins are associated with virulence factors of medically 
significant pathogens. Also, important steps in pathogenicity have been linked to the 
glycan substitution of surface proteins indicating specific role of protein 
glycosylation in infection and interference with inflammatory immune response. In 
several bacterial species, gene clusters suggested to represent a general protein 
glycosylation system have been identified (Benz and Schmidt, 2002; Schmidt et al., 














Glycosylated proteins exhibit an aberrant migration on SDS-PAGE gels. 
Carbohydrate modification can be detected after periodic acid oxidation and 
condensation of the generated aldehyde groups via Schiff bases with a chromogen or 
indicator enzyme, also known as periodic acid-Schiff staining (PAS). In addition, the 
carbohydrate moiety can be identified using various lectins (Haselbeck and Hose!, 
1990; Haselbeck et al., 1990). Carbohydrate moieties in eukaryotes and prokaryotes 
are always attached to the to the peptide backbone via the amide nitrogen of an 
asparagines (Asn) residue (N - !inked glycosylation) or via the functional hydroxy 




Figure 1.4. Structure of the amino acid residues which serve as a link between the peptide and 
the glycan moieties of the glycosylated proteins. Carbohydrates are attached to the amide 
nitrogen of an asparagine residue in the N - linked plycosylation and to the functional hydroxy 
group of a serine or threonine residue in the 0— linked glycosylation. 
Orthologs of genes involved in both glycosylation pathways (0— linked and N - 
linked) have been found in many bacteria, particularly mucosal-associated 
pathogens. Both pathways have similarity to the respective 0- and N- linked 
glycosylation processes in eukaryotes which indicates that these modifications may 
have similar roles in multiple organisms (Szymanski and Wren, 2005) 
0— linked protein glycosylation 
In Campylobacter 0-linked glycosylation is involved in the carbohydrate 
modification of the flagellum. In 1989 the post-translational modification of the 
Campylobacter flagellum was first recognized and reported (Logan et al., 1989). It 
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has been demonstrated that the Campylobacter flagellins are sensitive to periodate 
oxidation and that they bind to a sialic-acid-specific lectin (Doig et al., 1996). 
Structural studies of the flagellin of Campylobacter spp. has shown that flagellins are 
not modified with sialic acid, but with several monosaccharide analogs of the related 
sugar pseudaminic acid (Pse) (Logan etal., 2002; Thibault etal., 2001). The 
Campylobacter flagellin protein has been found to be one of the most extensively 
modified bacterial proteins characterized to date, with- 10% of the total mass of the 
glycoprotein consisting of 0-linked carbohydrate (Macnab, 2003). Subsequent 
studies revealed a flagellar glycosylation cluster of approximately 50 genes, 
including genes encoding the flagellin structural proteins FlaA and FlaB (Parkhill et 
al., 2000). Many of the genes in the 0-linked glycosylation locus of C. jej uni are 
hypothetical and belong to two paralogous families. The proteins from one of these 
gene families are involved in motility variation by a slipped-strand mispairing of 
single nucleotide repeat sequences in the encoding genes (Karlyshev et al., 2002). 
Genes from the second family also contain intragenic single nucleotide repeats, 
indicating phase-variable gene expression. The potential for generating alternative 
glycoforms on the flagellin protein due to 0-linked glycosylation suggests a 
mechanism for antigenic diversity and immune evasion for this surface-exposed and 
immunodominant protein. It has recently been demonstrated that 0-linked flagellar 
glycosylation in Campylobacter is necessary for the formation of the filament and 
therefore for motility (Goon etal., 2003; Logan etal., 2002). 0-linked protein 
glycosylation is not unique to Campylobacter. Although the extensive flagellar 
glycosylation locus has no counterpart in the enterobacterial system, evidence 
indicates that flagellar glycosylation might be common to a number of organisms 
with polar flagella. Similar genes from the Campylobacter flagellar glycosylation 
locus have been found in Helicobacter, Aeromonas, Clostridium, Cau!obacter and 
Met/zanococcus species (Arora et al., 2001; Bedouet etal., 1998; Gryllos et al., 2001; 
Leclerc et al., 1998; Schmitz etal., 1997). Mutation of the putative glycosylation 
genes in H. pylori has resulted in non-motile phenotypes and loss of flagellar 
filament assembly, which indicates that, like in Campylobacter, glycosylation is 
required for complex protein assembly (Schirm et al., 2003). 
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N - linked protein glycosylation 
The N-linked general glycosylation system was originally thought to be involved in 
lipopolysaccharide (LPS) biosynthesis (Fry etal., 1998; Korolik etal., 1997). 
Subsequently it has been shown to have a role in protein glycosylation. Mutagenesis 
of genes from this locus in C. jejuni resulted in no change to lipooligosaccharide 
(LOS) or capsule but altered the reactivity of multiple C. jejuni proteins with both 
rabbit and human sera (Szymanski etal., 2002; Szymanski etal., 1999). The genes 
from the 17 kb locus have been named pgl for protein gjycosylation. Initially two 
proteins (PEB3 and CgpA) which are glycosylated by components of this pathway 
have been identified (Linton etal., 2002). These observations have been confirmed 
by the identification of more than 30 potential C. jejuni glycoproteins, including 
PEB3 and CgpA (Linton etal., 2002; Young et al., 2002). The structure of the N-
linked glycan has been determined by mass spectrometry and NMR spectroscopy and 
shown to be a heptosacchande with the structure GalNAc-al,4- Ga1NAc-al,4- 
[Glcl3 1,3 ]Ga1NAc-a 1 ,4-GalNAc-a 1 ,4-GaINAc-a 1 ,3-Bac-13 1 ,N-Asn, where Bac is 
bacillosamine (2,4-diacetamido-2,4,6-trideoxyglucose) (Young et al., 2002). 
The key gene product in thepg/ gene locus is the enzyme Pg1B. The PglB has 
significant similarity to STT3 which is found exclusively in eukaryotes (Szymanski 
et al., 1999; Wacker et al., 2002). Both genetic and biochemical studies have shown 
that STT3 is an essential component of an oligosaccharidyltransferase complex and 
is crucial for the proper functioning of all eukaryotic cells (Yan etal., 2003; Zufferey 
et al., 1995). STT3 ortologues, including Pg1B, contain a conserved carboxy-terminal 
catalytic motif(WWDYG). PglB of C. jejuni is proposed to play a role in the 
coupling of the glycan to the asparagine residue to form the N-linked glycoprotein 
(Szymanski ci al., 2003a) which is a similar role to that of STT3 in the 
oligosaccharidyltransferase complex (Fig. 1.5). 
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Figure 1.5. Model for the biosynthesis of N-linked glycoproteins in eukaryotes (a) in comparison 
to bacteria (b). In C. jejuni, N-linked glycosylation is proposed to proceed through the sequential 
addition of nucleotide-activated sugars onto a lipid carrier, resulting in the formation of a 
branched heptasaccharide (b). This glycan is then 'flipped' across the inner membrane into the 
periplasm by a putative ATP-binding cassette (ABC) transporter. These proposed steps are 
identical to the pathway that has been identified in eukaryotes (a), with the bacterial periplasm 
being functionally equivalent to the endoplasmic reticulum (ER). However, in eukaryotes the 
sugars are further processed to a 14-mer that is then transferred to the growing polypeptide by 
a complex of proteins collectively known as the oligosaccharyltransferase. One of the key 
members of this complex is STT3, the orthologue of the bacterial PglB. In C. jejuni, PglB is the 
only component that is necessary for transfer of the heptasaccharide to the asparagine residue 
(b). In eukaryotes, N-linked glycans are variable due to the trimming and processing reactions 
that further occur in the ER and Golgi (not shown), whereas the N-linked heptasaccharide in C. 
jejuni remains unmodified. The figure is adapted from (Szymanski and Wren, 2005). 
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The Campylobacrerpgl gene cluster has been shown to function in E. coli to 
glycosylate proteins (Wacker etal., 2002). Significantly, unlike loci involved in 
Campylobacter flagellin, capsule or LOS biosynthesis, the pgl gene locus is highly 
conserved among strains of Campylobacter spp. (Dorrell et al., 2001; Szymanski et 
al., 1999). In addition, all clusters encode the essential olygosaccharidyltransferase 
PglB (with 57-99% amino acid sequence identity), all of which contain the conserved 
catalytic motif WWDYG (Fouts et al., 2005; Szymanski and Wren, 2005). Recently, 
another pgl cluster in the related c-proteobacteria Wolinella succinogenes has been 
identified (Baar et al., 2003). Remarkably, the locus is similar to those found in the 
campylobacters. However, in contrast to Campylobacter, the W. succinogenes pgl 
cluster contains two separate gene insertions, has inverted the order of pg/H and pg/I, 
and has retained galE, wlaA and pglG homologs elsewhere in the genome. The 
glycosylation genes in the draft genome of the -proteobacterium Desulfovibrium 
desulfuricans have been found not to be clustered (Szymanski and Wren, 2005). A 
comparison of the gene organization in the N-linked protein glycosylation gene 
clusters found in some proteobacteria is illustrated on Fig. 1.6. 
C. jejuni NCTCI 1168 
jejuni RMI 221 
C. coil RM2228 	 - 
C. lad RM 2100 	=> 




desuffuricans G20 =7> SO'  
H. pylori J99 
Figure 1.6. Schematic representation of the conserved N-linked protein glycosylation gene 
cluster in representative proteobacteria. Slashed lines indicate homologs that are found 
elsewhere on the chromosome. The figure is adapted form (Szymanski and Wren, 2005) 
The N-linked glycosylation locus is highly conserved among proteobacteria and 
lacks putative phase-variable genes. Disruption of the N-linked glycosylation in 
Campylobacter results in cells that have a reduced ability to adhere to and to invade 
in vitro cultured eukaryotic cells. Also, N-linked glycosylation mutants show a 
reduced ability to colonize the intestines of chicken and mice (Hendrixson and 
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DiRita, 2004; Jones etal., 2004; Szymanski et al., 2002). N-linked glycans have 
been demonstrated to have a specific function in complex protein assembly (Larsen 
et al., 2004). It is worth noting that N-linked glycosylation takes place in the 
periplasm so that only proteins secreted across the inner membrane will be N-
glycosylated. Indeed, nearly all N-linked glycoproteins that have been identified so 
far contain predicted signal peptides, indicating that they have an extracellular 
location. Thus possible functions of N-linked glycosytation include protection 
against proteolyti c degradation, maintenance of protein conformation, enhancing 
stability, surface recognition, cell adhesion or immune evasion (Benz and Schmidt, 
2002). 
1.3.4 Capsular polysaccharides 
Capsular polysaccharides (CPS) are found on the surface of many bacterial species. 
CPS are known to have an important role in bacterial survival and persistence in the 
environment and often contribute to pathogenesis (Roberts, 1996). Furthermore, 
through structural variation, the potential to mimic host cell antigens, and the ability 
to resist to mechanisms such as phagocytosis and complement-mediated killing, 
bacterial CPS play an important role in evasion of the host immune responses. The 
mechanism for assembly of the CPS has been found to be conserved in bacteria 
(Whitfield and Roberts, 1999). Many Gram-negative bacteria flip the assembled 
polysaccharide across the membrane using an ABC (ATP-binding cassette) 
transporter consisting of a transmembrane channel (KpsM), and an ATPase (KpsT). 
These transporters form a complex with four to five additional Kps proteins which 
provides proper translocation of the polysaccharide to the bacterial surface. Example 
of capsular polysaccharides exported by ABC transporters in different bacteria 
include the group II capsules of E. co/i K  (Pavelka etal., 1994) and K5 (Smith et 
al., 1990), Haemophilus influenzaesype type b (Kroll etal., 1990), Neisseria 
meningitidis group B (Frosch et al., 199 1) and Actinobacillus pleuropneutnoniae 
(Ward and Inzana, 1997), as well as the related group III CPS (Clarke etal., 1999; 
Roberts, 1996). A characteristic of these capsules is the presence of a phospholipid 
moiety anchoring the polysaccharide to the bacterial outer membrane. The genetic 
organization of the capsule gene clusters is also conserved in bacteria and consists of 
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kps transporter genes flanking polysaccharide biosynthesis genes (Karlyshev et al., 
2005a). 
It has been demonstrated that C. jejuni produces CPS which has previously 
been associated with LPS and has been described as "high-molecular-weight 
lipopolysaccharides" (HMW LPS) (Moran and Penner, 1999). Subsequent 
characterization of the CPS by Alcian blue staining (Karlyshev and Wren, 2001) has 
also allowed the visualization of the capsule by electron microscopy (Karlyshev et 
al., 2001). These findings have suggested that the originally described HMW LPS of 
C. jejuni are in fact CPS. 
The CPS in C. jejuni have been found to be the major antigenic component of 
the classical Penner serotyping system distinguishing Campylobacter into more than 
60 groups (Karlyshev et al., 2000). The wide variety of C. jejuni serotypes suggests 
structural differences in CPS and it has been subsequently shown that CPS of C. 
jejuni can indeed vary in structure (Szymanski et al., 2003b). 
A large gene cluster encoding genes with similarities to type 11/I11 capsular 
polysaccharide-related genes from other bacteria has been found during the 
sequencing of the C. jejuni genome (Parkhill et al., 2000). A comparison of the 
genetic organization of the kps genes in C. jejuni with that of E. coli is demonstrated 
on Fig. 1.7. 
C. jejuni 	 C 	 A 	 B 
kpsM kpsT kpsE kpsD kpsF 	 kpsC kpsS 
E.coIiKl C 	 A 	 B 
kpsM kpsT 	 kpsS kpsC kpsU kpsD kpsE kpsF 
E.coIiKlO 1 	.rc A 	 B 
kpsD kpsM kpsT kpsE 	 kpsC 	kpsS 
Figure 1.7. Comparison of the genetic organization of the kps gene locus of C. friuni  with that of 
E. coli K! (group II capsule) and E. coli KI 0 (group 111 capsule). 
The kps gene cluster of C. jejuni as well as in other bacteria consists of three 
major regions. The internal region (A) includes genes required for the biosynthesis of 
the CPS repeating units. This region is highly variable between the different 
serotypes reflecting the variety of the CPS structures. In contrast, the two flanking 
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regions (B and C) consisting of the Aps genes which are required for polymerization 
of the repeating units and for the translocation of the CPS to the cell surface, are 
more conserved (Karlyshev etal., 2005a; Karlyshev etal., 2000). The internal 
biosynthetic region has been found to vary between strains in the range of 15.2 kb to 
34.1 kb (Karlyshev etal., 2005a) and in all strains a number of genes with potential 
for phase variation have been revealed. 
The variation in the CPS structure may be essential for evasion of the host 
immune system and this has been supported by the findings that CPS are involved in 
virulence of campylobacters. It has been demonstrated that a mutant lacking CPS 
revealed reduced attachment and invasion abilities in experiments performed with 
H'JT 407 cultured eukaryotic cells. The mutant also showed increased hydrophobicity 
and decreased resistance to human serum. Furthermore, the CPS-deficient mutant 
was less potent in developing diarrhoea in a ferret model of infection (Bacon et al., 
2001). The CPS also possibly contribute to the enhanced survival of C. jejuni outside 
its animal hosts by protecting from desiccation, which may partly explain the 
persistent nature of the pathogen in the environment (Karlyshev et al., 2005b). 
1.3.5 Adhesion and invasion 
Adhesion and invasion of pathogenic bacteria represent the important initial 
step of infection. Successful establishment of infection by bacterial pathogens 
requires adhesion to host cells, colonization of tissues, and in certain cases, cellular 
invasion followed by intracellular multiplication, dissemination to other tissues, or 
persistence (Pizarro-Cerda and Cossart, 2006). Pathogens utilize surface-located 
adhesins/invasins for specific interaction with host cell receptors. Adhesins are 
specialized surface proteins that mediate bacterial adhesion. They specifically 
recognize receptors on the surface of target host cells, determining tissue tropism of 
the pathogen. Invasion following adhesion allows bacteria to evade the humoral 
immune response and to proliferate in a well-protected niche. To invade non-
professional phagocytes, bacteria usually abuse the host cell cytoskeleton dynamics. 
They trigger signaling cascades in the host cell, leading to the assembly of 
phagocytotic machinery inducing their uptake. Pathogenic bacteria have evolved an 
incredibly large and diverse array of adhesion and invasion molecules that enable 
them to exploit a variety of host-cell surface components and occupy different niches 
within the human body (Pizarro-Cerda and Cossart, 2006). 
In C. jejuni, binding and entry in the host cells is also an important 
pathogenic feature (Wooldridge and Ketley, 1997). Upon infection, C. jejuni crosses 
the mucus layer covering the epithelial cells and adheres to these cells, and a 
subpopulation subsequently invades the epithelial cells (van Vliet and Ketley, 2001). 
Adhesion and invasion are dependent on motility and flagellar expression. C. jejuni 
mutants show reduced adherence and absence of invasion due to paralysed flagella 
(Yao etal., 1994). Other C. jejuni adhesins identified are PEB1 and CadF proteins. 
The PEB 1 protein is encoded by peblA and a C. jejuni peblA mutant shows 
significantly decreased adherence as well as decreased invasion of HeLa cells, and 
are also significantly affected in their colonization ability in a mouse model (Pei et 
al., 1998). In addition to its established role as an adhesin, PEB1 has also been 
shown to be a transporter of dicarboxylic acids (Leon-Kempis et al., 2006). 
The CadF of C. jejuni is a 37 kDa outer membrane protein mediating the 
binding of the organism to the extracellular matrix component fibronectin (Fn), 
which in turn stimulates a signal transduction pathway. Fibronectin is a 220 kDa 
glycoprotein that is present at regions of cell-to-cell contact in the gastrointestinal 
epithelium, thereby providing a potential binding site for pathogens (Quaroni et al., 
1978). Several bacterial pathogens possess the ability to bind to Fn, including 
Clostridium difficile (Hennequin et al., 2003), Staphylococcus aureus (Kuusela, 
1978), Streptococcus pyogenes (Myhre and Kuusela, 1983), Salmonella enteritidis 
(Baloda et al., 1985), E. coli (Froman etal., 1984; Visai et al., 1991), Neisseria 
gonorrhoeae (van Putten etal., 1998), Mycobacterium avium (Schorey et al., 1996) 
and Treponema spp. (Dawson and Ellen, 1994). In C. jejuni CadF LCampylobacter 
Adhesion to Fn) promotes the binding of the bacterium to Fn, promotes bacteria-host 
cell interactions and facilitates the organism's colonization of chickens (Konkel et 
al., 1997; Monteville and Konkel, 2002; Monteville et al., 2003). In vitro studies 
have revealed that the binding of C. jejuni clinical isolates to immobilized Fn can be 
reduced using a CadF polyclonal serum. The binding of C. jejuni to Fn, via CadF, 
has been found to be essential for maximal host cell invasion as a significant 
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reduction in invasion of INT 407 cells is noted with the C. jejuni cadF mutant when 
compared to a wild type isolate (Monteville etal., 2003). 
Invasion of C. jejuni has been tested in vitro using several cell lines of 
intestinal origin, such as [NT 407, Hep-2 and differentiated Caco-2 cells (Everest et 
al., 1992; Konkel and Joens, 1989; Wassenaar etal., 1991). Differentiated Caco-2 
cells form tight junctions and produce apical surface enzymes. Campylobacter 
invasion has been shown to be dependant both on de novo synthesized bacterial 
proteins as well as host cell signal transduction (Konkel etal., 1999; Wooldridge et 
al., 1996). Co-cultivation of C. jejuni and INT 407 cells has resulted in the 
production and secretion of at least eight proteins, including the CiaB protein 
(Konkel etal., 1999). A C. jej uni ciaB mutant showed equal attachment abilities as 
the wild type strain, but could not invade and did not secrete any of the other seven 
proteins (Konkel etal., 1999). 
1.4 	Transposon mutagenesis of bacterial pathogens 
Transposons are mobile genetic elements that can relocate from one genomic 
location to another. As well as modulating gene expression and contributing to 
genome plasticity and evolution, transposons are remarkably diverse molecular tools 
for both whole-genome and single-gene studies in bacteria, yeast, and other 
microorganisms. In bacteria, transposons are widely employed as random insertion 
mutagens both at a genomic level and in the analysis of the organization of 
individual genes. Transposon-based approaches are very powerful for identification 
of essential and infection-related genes in bacteria, particularly in the context of 
microbial genomics. Variations of in vitro transposon mutagenesis applications, such 
as genomic analysis and mapping by in vitro transposition (GAMBIT), have proved 
useful. The GAMBIT approach includes two steps. The first step involves efficient in 
vitro transposon mutagenesis and recombination onto the chromosome and the 
second step maps the genomic location of each transposon insertion in a pool of 
mutants by genetic footprinting (Akerley et al., 1998). 
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The development of techniques including PCR-based signature-tagged 
mutagenesis is now used to find essential virulence genes in different bacteria 
(Hayes, 2003a). 
Transposable elements in bacteria range from simple insertion sequence (IS) 
elements that consist of a gene for transposition bounded by inverted repeat 
sequences, to composite transposons composed of a pair of IS elements that bracket 
additional genetic information for antibiotic resistance or other properties, to more 
complex conjugative transposons that exhibit hybrid properties of transposons, 
plasmids, and bacteriophages. The transposons most favored as genetic tools are 
those that insert randomly or near-randomly, or can be manipulated to behave in this 
way (Hayes, 2003a). 
One of the limitations in determining critical genes in bacterial pathogens 
which are poorly described, have no determined genome sequence and are refractive 
to genetic analysis is the lack of efficient genetic tools and methods. The genetic 
investigation of Campylobacter spp. as important human pathogens has been 
obstructed partially due to a lack of genetic tools and in particular, the lack of 
transposon mutagenesis method for the efficient generation of random mutants of 
Campylobacter spp. 
The generation of C. jejuni mutant libraries has been approached through 
transposon shuttle mutagenesis (Labigne et al., 1992) and homologous insertional 
mutagenesis (Bleumink-Pluym et al., 1999; Yao et al., 1994). Unsuccessful attempts 
have been made to introduce both Gram-positive- and Gram-negative-organism-
based transposons into Campylobacter spp. For example, nonrandom site-specific 
insertional mutants were generated by a TnphoA transposon in C. jejuni (Wassenaar 
et al., 1993). An in vitro mutagenesis strategy based on the Staphylococcus aureus 
transposon Tn552 has been described (Rowland and Dyke, 1989; Rowland and 
Dyke, 1990). In order to create a random mutant library of C. jejuni a derivative of 
Tn552 (Tn552/can-Campy) that can be used in C. jejuni has been designed (Colegio 
et al., 2001). 
Recently, a highly permissive mariner-based transposon known as Himarl 
has been utilized for efficient in vivo random transposon mutagenesis in Escherichia 
coli and mycobacteria (Rubin et al., 1999). Because transposons of the mariner 
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family do not require species-specific host factors they have been shown to undergo 
both in vitro and in vivo transposition into several bacterial chromosomes, including 
Haemophilus influenzae, Streptococcus pneumoniae and Mycobacterium smegmatis, 
creating new methods of studying these pathogens (Akerley et al., 1998; Rubin et al., 
1999). An in vivo system for mariner transposition using the suicide delivery vector 
pOTHM was described recently for C. jejuni, generating a few random mutants per 
transposition reaction (Golden et al., 2000). The plasmid carries a Himarl 
transposase under a C. jejuni-specific promoter and CAT, chloramphenicol 
acetyltransferase antibiotic marker functional in E. co/i and C. jejuni. 
A system for in vitro transposon mutagenesis of C. jejuni using a derivative of the 
same mariner transposon, Himarl, has been developed which generated isogenic 
random transposon mutant libraries consisting of as many as 16 000 individual 
mutants (Hendnxson et al., 2001). An in vitro transposon-based signature-tagged 
mutagenesis (STM) system has been described for C. jejuni (Hendrixson and DiRita, 
2004). The plasmid pEnterprise2 (Hendrixson and DiRita, 2003), which contains a 
mariner-based transposon (derived from Himarl) on a pUC 19 backbone, was used to 
construct the signature-tagged transposons (Grant et al., 2005). 
A mariner-based, Himarl delivering transposon (TnSC 189) that can be used 
for in vivo or in vitro mutagenesis has been designed (Chiang and Rubin, 2002). The 
suicide plasmid vector pSC1 89 carrying both the hyperactive transposase C9 (Lampe 
etal., 1999) and the transposon terminal repeats flanking a kanamycin resistance 
gene has been successfully used for random insertional mutagenesis of 
Magnetospirillum spp. (Komeili et al., 2004) and Leptospira spp. (Bourhy et al., 
2005; Louvel et al., 2005). 
The development of various transposon mutagenesis methods has greatly 
aided the genetic analysis of important pathogens which have been previously poorly 
understood by enabling the screening for putative virulence determinants, identifying 
new genes and proteins involved in pathogenicity. 
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To summarize, it is now clearly evident that Arcobacter spp. are associated 
with human and animal disease. Although there is still no direct proof, the abundant 
presence of arcobacters in food of animal origin and their recovery from various 
sources of water worldwide indicate the possible risks and the importance of these 
bacteria for public health. Despite increasing concerns, it is not yet established how 
arcobacters cause disease and very little is known about their virulence factors or 
their pathogenicity. Tools for genetic transformation or construction of mutants are 
not yet available, either. Therefore, the investigation of the genome features and the 
potential virulence factors as well as the development of suitable methods for genetic 
manipulation of Arcobacter is considered an important and awaited step towards 
deciphering the true Arcobacter spp. potential as food born pathogens. This is the 
ultimate aim of the present work and to achieve it we have chosen to investigate 
Arcobacter butzleri NCTC 12481 by creating a physical and genetic map of the 
genome, searching for and identifying virulence determinants, exploring in vitro host 
cell interactions of the bacterium with epithelial cell culture and attempting to 
develop a tool for transposon mutagenesis. 
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Note: 
All the work presented in this dissertation was completed without the knowledge of 
availability of a genome sequence of A. butzleri. However, recently it has become 
known that a genome sequencing project is in progress and such a sequence will be 
soon released. During the process of writing this thesis we were provided in 
confidence with a preliminary version of the genome sequence (William Miller - 
personal communication). Therefore, where appropriate, some relevant information 
was incorporated into the discussion of our results. 
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Chapter 2 MATERIALS AND METHODS 
2.1 Chemical reagents 
All chemical reagents used in this work were analytical grade and were supplied 
by Sigma, Oxoid, Invitrogen, Fisher Scientific, BDH and Bio-Rad, unless stated 
otherwise. 
2.2 Enzymes 
Restriction endonucleases were supplied by New England Biolabs, Promega 
or Roche; T4 DNA ligase and Calf Intestinal Phosphatase were from New England 
Biolabs and Taq DNA polymerase was purchased from Roche. 
2.3 PCR primers 
Primers for PCR were purchased from Operon, MWG or Invitrogen and are 
listed in Table 2.1. 
No. Primer Sequence 
1 Arco _16S Forward  5'-TTAGAGTTTGATCCTGGC-3' 
2 Arco 16S Reverse  5 '-TCCCGTCTATTCCTTTGA-3' 
3 Arco _23S_Forward 5'-GGAAAATATAACGGGGCTAAGA-3' 
4 Arco _23S Reverse 5'-CGGGCTTCAATCAAATGC-3' 
5 Arco_G1yA_Forward 5'-TTAACCACACTCAGGAAGCCA-3' 
6 Arco_G1yA Reverse 5'-TGGACTTGGATGTTCATTAGC-3' 
7 Arco_RpoBCjunc_Forward 5 '-TTGTCAAAGGTTTGGGGA-3' 
8 1 Arco_RpoBCj unc_Reverse 5' -CACTCATAATCTTTTACTGGTCC-3' 
9 Camp_PEB3_Forward 5'-ATTACTTTATTTGGTTCATGTGCC-3' 
10 Camp_PEB3 Reverse 5 '-TTTCTTGTGTTTCTTTGCTCG-3' 
11 Camp_AspA_Forward 5'-TTTAGAACCCAACTTCAAGATG-3' 
12 Camp_AspA_Reverse 5'-CTTACTACAACCTTCGGATAATCA-3' 
13 Camp _SodB_Forward 5'-GCTGAAACTTTATGCTATCATCATG-3' 
14 Camp_SodB_Reverse 5 '-AACTTGTGCTGCGTTATTAAATACG-3' 
15 Camp _GalE_Forward 5 '-AAATTCTTATTAGCGGTGGTG-3' 
16 Camp_GalE_Reverse 5'-CAGAAATCAATACACTAGGATCA-3' 
17 Camp_WIaH_Forward 5 '-TTTACCCAAAATCGTCCCG-3' 
18 Carnp_WIaH Reverse 5' -GCATTTCTACCATTTACCTGCG-3' 
19 Camp _KpsT_Forward 5' -CTTATCCTTTATTTAGTGGTGGA-3' 
20 Camp_KpsT_Reverse 5 '-GCTATTCCTTCATCTACATCATCA-3' 
21 CdtB Forward 5 '-GTNGCNACBTGGAAYCTNCARGG-3' 
22 CdtB_Reverse 5 '-RTTRAARTCNCCYAADATCATCC-3' 
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23 F1aA/B Forward 5 '-ATGGGATTTCGTATTAACAC-3' 
24 FIaA/B Reverse 5 '-CTGTAGTAATCTTAAAACATTTTG-3' 
25 PglBdeg Forward 5'-GGSTAYTAYGAYACNGAYATG-3' 
26 Pg!Bdeg Reverse 5 '-RTANCCRTARTCCCACCA-3' 
27 CadF Forward 5 '-TWTGARATYACTCCRACW-3' 
28 CadF Reverse 5'-MGCWTCMACTCTTCKATT-3' 
Table 2.1. PCR primers used in the study. 
2.4 Antibodies 
The antibodies used in this work were supplied by Sigma. Their specificity and 
usual dilutions used in Western blotting and ELISA experiments are listed below: 
Antibody Dilution used 
Anti -Fibronectin antibody produced in rabbit 
1:10 000 
Anti-Rabbit IgG (whole molecule), F(ab')2 
fragment—Peroxidase antibody produced in goat 1•10 000 
2.5 Bacterial strains and plasmids 
All bacterial strains and plasmids are listed in Table 2.2. 
Strain or plasmid Relevant description Source 
Arcobacter butzleri NCTC 
NCTC 12481  (Colindale) 
Campylobacter Laboratory 
jejuni NCTC 11168  stock 
Wo/in el/a Gream Reid, 
succino genes  Edinburgh 
recAl endAl gyrA96thi-1 hsdRl7supE44 
E. co/i XLI Blue re/Al lac [F' proAB lacIqZAM]5 TnlO Laboratory 
(Tetr)]  stock 
pir lysogen of DHS a 
E. co/i DHSci. Xpir sup E44, DlacU 169 (F801acZDMI5), 
Frédéric 
Boccard, recA 1, endA 1, hsdR 17, thi- 1, gvrA96, 
re/Al, Xpir phage lysogen  France 
Standard strain for mobilization of RP4 
plasmids 
E. co/i SM1O ?pir Km t, thi-1, thr, leu, tonA, lacY, supE Laboratory 
recA: :RP4-2-Tc: : Mu, pir stock  
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Gail 
E. coil MM294A Carrying helper plasmid pRK20I3 Ferguson, 
__________________________________ Edinburgh 
pBluescript S K(-) Amp1 Stratagene 
pBBRI MCS-5 Broad-host-range plasmid, Gm' 
(Kovach et 
al., 1995) 
pSC189 Amp', 1Km1(apIiA3'typell) 
(Chiang and 
Rubin, 2002) 





Derivative of pCS 189 carrying Km - 
This study 
aphA3' type III from pWM 1007 
Table 2.2. Bacterial strains and plasniids used in the study. 
2.6 Bacterial growth media and conditions 
Arcobacter butzieri 12481 was routinely grown statically under microaerophilic 
conditions (10% CO ,,; 5% 02: 85% N2) for 48 hours at 30 °C in Vandamme medium 
according to Vandamme et al. 1992 (Vandamme et al., 1992a) but omitting horse 
blood. 
Vandamme medium gil: 
Special Peptone 10.0 
Lab-Lemco Powder 5.0 
Yeast extract 5.0 
Sodium chloride 5.0 
Sodium L- glutamate 2.0 
Sodium succinate 2.0 
Magnesium chloride 1.0 
For agar plates 1.6% (wlv) agar and 0.4% (w/v) bacteriological activated charcoal 
were added. 
Campylobacterjejuni 11168 was grown under microaerophilic conditions at 
42°C for 48 hours in Brucella broth supplemented with Campylobacter selective 
supplement (Skirrow): per 500 ml medium - vancomycin 5.0 mg; trimethoprim 2.5 
mg; polymyxin B 1250 IU. 
Brucella broth 
Casein Peptone 10.0 
Meat Peptone 10.0 
Yeast extract 2.0 
Dextrose 1.0 
Sodium chloride 5.0 
Sodium bisulfite 0.1 
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E.coli strains were grown at 37 °C in Luria-Bertani medium (LB) 
supplemented with the appropriate antibiotic, where necessary. 
Luna-Bertani medium (LB) 
Bacto-tryptone 1% w/v 
Yeast Extract 0.5% w/v 
Glucose 0.1%w/v 
Sodium Chloride 1% w/v 
2.7 Epithelial cell line, media and growth conditions 
Caco2 - Human Caucasian colon adenocarcinoma cell line was used for in 
vitro infection experiments. Caco2 cells were grown in Dulbecco's Modified Eagle 
Media (D-MEM) (Gibco) with 10% (v/v) Fetal Bovine Serum (Gibco), at 37 °C in a 
5% (vlv) CO2 humid incubator. 
2.8 DNA techniques 
2.8.1 Plasmid extraction and purification 
Plasmid DNA was extracted from 10 - 20 ml overnight bacterial cultures 
using Wizard ® Plus SV Minipreps DNA Purification System, Promega, according to 
the manufacturer's instructions. 
2.8.2 Isolation and purification of chromosomal bacterial DNA 
Genomic DNA for general DNA manipulations (in liquid phase) was 
extracted and purified from 1-5 ml A. butzleri or C. jejuni 48-hour cultures using 
BioRad AquaPure Genomic DNA Isolation Kit, according to the manufacturer's 
instructions. 
Preparation of A. butzleri genomic DNA, in agarose plugs, to be used in 
Pulsed Field Gel Electrophoresis (PFGE) was performed by a method which was 
empirically optimized in the laboratory and consists of the following steps: cells 
from a 10 ml overnight culture of Arcobacter butzleri NCTC 12481 were harvested 
by centrifugation and were resuspended in cell suspension buffer (100 mM Tris, 100 
mM EDTA, pH 8.0). The cell suspensions were adjusted to A 610 of -j 0.75, equal 
volume of molten 2% (w/v) Clean Cut Agarose (BioRad) was added. The mixture 
was poured into moulds (BioRad) to obtain plugs. For cell lysis, plugs were 
transferred into lysozyme buffer (10 mM Tris pH 7.2, 50 mM NaCl, 0.2% (w/v) 
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sodium deoxycholate, 0.5% (w/v) sodium lauryl sarcosine), containing 1mg/mi 
lysozyme and were incubated at 37°C for 45 minutes. After lysing buffer was 
removed, plugs were washed in 25 ml wash buffer (20 mM Tris pH 8.0, 50 mM 
EDTA pH 8.0) for 30 minutes at room temperature (RT). The plugs were incubated 
in cell lysis buffer (50 mM Tris pH 8.0, 50 mM EDTA pH 8.0, 1% (w/v) sodium 
sarcosine) containing 0.4 mg/ml proteinase K for 18 hours at 50 °C. Then proteinase 
K solution was removed and for inactivation of any residual proteinase K, 10 ml of 1 
mM phenyimethylsuifonyl fluoride (PMSF) in TE buffer (50mM Tris, 1mM EDTA 
pH8.0) were added. Finally the DNA plugs were washed twice in 25 ml wash buffer 
for 30 minutes at RT and stored in wash buffer at 4°C. 
2.8.3 Restriction enzyme digestion of DNA 
Restriction endonuclease digestion of A. butzleri genomic DNA with 
frequently cutting enzymes was performed in 50 p1 reaction containing 1-2ig DNA 
(in liquid phase), 10-20 U restriction enzyme, lx restriction enzyme buffer (supplied 
with the enzyme) and lx BSA (bovine serum albumin), overnight at the 
recommended by the supplier temperature. 
Restriction enzyme digestion of plasmid DNA for the purpose of cloning was 
performed in 20-30 .tl reactions, containing 1-3tg plasmid DNA, lx restriction 
enzyme buffer, lx BSA, 5-20 U restriction enzyme, overnight at the appropriate 
temperature. 
For PFGE, restriction digestion of genomic DNA was performed in the 
agarose plugs. Plugs were cut into slices (approximately 5 mm x 3 mm x 1.5 mm) 
and washed three times for 1 h in 200 jil TE buffer at RT, followed by equilibration 
in 100 jii of lx restriction enzyme buffer for 1 hour at RT. DNA plugs were 
incubated in fresh lx restriction enzyme buffer, containing 5-30 U restriction 
enzyme, overnight at 37'C. 
For double restriction enzyme digestion, the genomic DNA embedded in 
agarose slices was digested by two different restriction enzymes either 
simultaneously in the compatible buffer, or sequentially if there was no compatibility 
between the buffers. In the latter case the DNA slices were digested with one enzyme 
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overnight, then washed in TE buffer and digested overnight with the second enzyme 
at the recommended temperature. 
Partial digestion of DNA in agarose plugs was done by preparing serial 
dilutions of the restriction enzyme (0.01 - 50U) in the appropriate buffer, for the 
same incubation time (overnight) at 37 °C. 
For two dimensional PFGE (2D-PFGE), an agarose gel lane from the first 
PFGE dimension, containing DNA fragments, was cut out from the gel and washed 
in TE buffer for 1 hour at RT. This was followed by equilibration of the gel lane in 5 
ml lx restriction enzyme buffer for 1 hour at RT. Then the gel lane was incubated in 
5 ml fresh lx buffer, containing 50-150 U restriction enzyme, overnight at 37'C. 
2.8.4 Conventional agarose gel DNA electrophoresis 
DNA fragments in the size range of 1 OObp - 10kb were separated on 0.8 % - 
I % (w/v) agarose gels. The gels were prepared by boiling agarose in 0.5 x TBE 
buffer (1xTBE: 89mM Tris; 89mM Boric Acid; 2mM EDTA pH 8.3) until dissolved. 
The agarose was let to cool and ethidium bromide was added to a final concentration 
of 0.5 jig/ml. Gels were run at 90V for 2 hours at room temperature. DNA was 
visualized under UV light and images were recorded using a CCD camera (UVP 
Laboratory Products). Standard DNA size markers were used for each gel: lOObp 
ladder or 1kb ladder (New England Biolabs). 
2.8.5 Pulsed Field Gel Electrophoresis 
Pulsed Field Gel Electrophoresis was performed on 1% (w/v) Pulsed Field 
Certified Agarose (BioRad) gels in 0.5 x TBE buffer. All experiments were run on a 
Contour-clamped Homogenous Electric Field (CHEF) electrophoresis system 
(CHEF-DRII, Bio-Rad) at 14° C and 6V/cm, using the following conditions: block 1, 
pulse time 0.5 - 60s for 16 hours; block 2, 60— 120s for 6 hours. The DNA samples 
were loaded on the gels so that each DNA plug was inserted into a well and then 
sealed with molten 1% (w/v) low melting point agarose. All gels contained DNA size 
markers: Lambda Ladder PFG Marker (size range: 48.5-679 kb) and Yeast 
Chromosome PFG Marker (size range: 225-1900 kb), purchased from New England 
Biolabs. To visualize the DNA fragments, gels were stained in 0.5 tg/ml ethidium 
WE 
bromide for 30 minutes, followed by 30 minutes destaining in distilled H 20. Gels 
were photographed under UV light (X = 356nm). 
2.8.6 Two dimensional PFGE (21) PFGE) 
Two dimensional PFGE was performed as a set of two sequential PFGE runs. The 
first PFGE separated A. butzleri genomic DNA which was partially or completely 
digested by a restriction enzyme (see 2.8.3). Each sample was run in duplicate so that 
the gel had two identical halves and only half of the gel was stained with ethidium 
bromide and visualized under UV light. Then a gel lane of interest, containing DNA 
restriction fragments (not stained and UV irradiated), was cut out from the gel, 
washed and subjected to a second digestion by the same or a different restriction 
enzyme as described in 2.8.3. An agarose gel for the second dimension was prepared 
but this time the whole gel lane from the first dimension was inserted in a long wide 
horizontal well. A second PFGE was run performed under the same conditions as the 
first one (see 2.8.5) 
2.8.7 Polymerase Chain Reaction (PCR) 
DNA amplification by Polymerase Chain Reaction (PCR) was routinely 
performed in 50 .tl reactions containing: 
Template DNA 	 50-200 ng 
Oligonucleotide primers 	I tM each 
dNTPs 	 200tM each 
Taq Polymerase buffer 	I x concentrated 
Taq DNA Polymcrase 2.5U 
All PCR reactions were performed on a MBS 0.2G thermocycler, Thermo 
Hybaid, with the following program settings: 
steps temperature time 
initial denaturation 94 °C 5 mm 
30 	denaturation 94 °C 30 sec 
cycles annealing 45 °C -60 °C 30 sec 
L extension 72 °C 45 sec 
final extension 72° C 10 mm 
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2.8.8 Inverse PCR 
Genomic DNA of A. butzleri 12481 digested with Hindlil was used as a 
template for inverse PCR using primers based on the known sequence of the pglF 
gene fragment: forward primer: 5' -TCCTATTATGCAAAGTGTAAGAG-3' and 
reverse primer: 5' -CACTATGATCTAAAAGTATCAGC-3'. The region flanking the 
known sequence of pglF was determined by DNA sequencing. A brief schematic 
diagram of the method is shown in Fig. 2.1. 





HindIIl 	 Hindlll 	 HindIlI Hindu! 
Hindu! digest 
1 







. 	 . 
	 DNA sequencing 
Figure 2.1. Schematic representation of the inverse PCR technique used in order to obtain the 
sequence of the DNA 5'upstream the known sequence ofpglFofA. buizieri. Genomic DNA was 
digested by Hindlll ( chosen because has a cut in the known region and theoretically the next cut 
is approximately 4kb away) and subjected to ligation in large volume reaction so that self 
ligation (circularization) of each fragment is favored. Using primers designed on the basis of the 
known sequence, PCR amplification was performed, followed by DNA sequencing and analysis 
of the sequence. 
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2.8.9 DNA sequencing 
The sequencing reactions were performed using the BigDye® Terminator 
v3.1 Cycle Sequencing Kit (Applied Biosystems), containing 400 ng DNA, 1.6 pmol 
primer and reaction mix, with the following program: 
95 °C-30 sec ) 
50 °C - 20 sec 	25 cycles 
60 °C —4 mm J 
and sequenced on an ABI Prism 3100 sequencer. 
2.8.10 Gel purification of DNA 
DNA fragments were routinely purified from agarose gels using the 
QlAquick Gel Extraction Kit (QIAGEN), according to the manufacturer's 
instructions. 
2.8.11 Non-radioactive (digoxigenin) DNA labelling 
After gel purification of PCR products, DNA probes to be used in Southern 
hybridization were prepared by non-radioactive labeling with Digoxigenin-1 l-dUTP 
(DIG) using DIG DNA labeling and detection kit (Roche). 
2.8.12 Vacuum blotting 
DNA fragments from agarose gels were transferred onto Hybond-N nylon 
membranes (Amersham) using a LKB 2016 Vacugene vacuum blotting system 
(Pharmacia). The procedure included depurination with 0.25 M HCI for 20 minutes, 
denaturation for 1 hour (1.5 M NaCl, 0.5 M NaOH), neutralisation for 10 minutes 
(1.0 M Tris pH 5.0, 2.0 M NaCl), and transfer for 1.5 hours in 20 x SSC (175g,/l 
NaCl, 88.2 g/l trisodium citrate). Membranes were washed briefly in 2 x SSC, air-
dried and baked at 80°C for 2 hours. 
2.8.13 Southern hybridization 
DNA on the membranes was prehybridised in 35 ml standard hybridisation 
solution (5 x SSC, 0.1% (w/v) N-lauroylsarcosine, 0.02% (w/v) SDS, 1% (w/v) 
blocking reagent (Roche)) and I mg of denatured salmon sperm DNA for 1.5 hours 
at 62° C in a hybridization oven (Techne). This was followed by hybridization with 7 
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ml standard hybridisation solution, 3 p1(25 ng/p.l) DIG-labelled probe (denatured) 
and 0.5 mg salmon sperm DNA (denatured), overnight at 62° C. After the 
hybridization the membranes were washed twice for 5 minutes in 2 x SSC, 0.1% 
(w/v) SDS at room temperature and twice for 15 minutes in 0.1 x SSC, 0.1% (w/v) 
SDS at 62°C, rotating. After washing the membranes in washing buffer [Maleic acid 
buffer (0.IM Maleic acid, 0.15M NaCl, pH 7.5) containing 0.3% Tween 20] for 5 
minutes, and equilibration for 30 minutes in blocking solution (1% blocking reagent 
in maleic acid buffer) at RT, the membranes were incubated with antibody solution 
(10 ml blocking solution, 2 .t1 Anti -Di goxigenin-AP conjugate - Roche Molecular 
Biochemicals) at RT. To detect the probes, membranes were washed twice in 
washing buffer for 15 minutes and equilibrated for 5 minutes in detection buffer (0.1 
M Tris-HCI, 0.1 M NaCl, pH 9.5). Finally the membranes were placed in sealed 
plastic bags with 10 ml colour-substrate solution (NBT/BCIP in detection buffer, 
Roche Molecular Biochemicals) and kept in the dark until color developed. When the 
desired intensity of the bands was achieved, the reactions were stopped by washing 
the membranes for 5 min with dH20. 
2.8.14 DNA cloning 
Generally insert fragments were prepared by digestion with the appropriate 
restriction endonucleases, followed by agarose gel separation, band excision and 
extraction from gel as described above. Vector DNA was prepared by digestion with 
the appropriate restriction endonucleases, followed by dephosphorylation of the 5'-
ends with Calf Intestinal Phosphatase (CIP) and purification with the QlAquick Gel 
Extraction Kit (QIAGEN). Ligations were performed at 16° C for 10-18 h in 10 p1 
reaction volume with T4 DNA ligase (New England Biolabs). Transformations were 
carried out according to standard procedures (Doyle, 1996). Bacteria were plated on 
LB-agar plates, supplemented with the appropriate antibiotic. Transformants carrying 
the desired plasmid were selected by PCR, colony lifting and hybridization or by 
plasmid DNA isolation, followed by digests with appropriate restriction enzymes or 
DNA sequencing. 
2.8.15 Cloning of pglF 
The EagI 375 kb fragment was excised from a PFGE gel and the DNA was 
digested with PvuII in the gel slice, followed by DNA purification using a gel 
extraction kit (QIAGEN). PvuII DNA fragments were cloned into pBluescriptll 
SK(—) at the SmaI site. Competent cells of F. co/i XL-1 Blue were transformed by 
standard procedures. Colonies containing cloned pg/F were screened by colony 
lifting onto Hybond-N nylon membranes (Amersham Pharmacia Biotech) according 
to the manufacturer's instructions and detected by Southern hybridisation with the 
pg/F-DIG probe. The presence of the pg/F fragment in the clones was determined by 
PCR amplification using the Camp_PEB3 primers and sequencing of the inserts. 
2.9 Protein techniques 
2.9.1 Glycine acid extraction 
A. buizieri cells from 1 liter 48-hour culture were harvested by centrifugation 
at 10 000g for 10 min at 4 °C. The pellet was resuspended in dH 2O on ice, followed 
by centrifugation for 10 min at 10 000g at 4 °C. Next, cells were resuspended in ice-
cold 0.2 M glycine (pH2.2) and homogenized with the aid of a glass homogenizer 
(Thomas, Philadelphia, USA) on ice. The homogenized cells were stirred on a 
magnetic stirrer for 15 min at 4 °C and repelleted at 10 000g for 15 min at 4 °C. The 
supernatant was neutralized with 1 M NaOH and dialyzed against dH 2O at 4 °C for 
24 hours, followed by freeze-drying. The protein concentration of the sample was 
estimated by the Bio-Rad Protein Assay Kit. 
2.9.2 Sarcosyl extraction of outer membrane proteins 
The procedure for Sarcosyl extraction of outer membrane proteins was 
adapted from (M Achtman, 1983). Briefly, 500 ml 48 hour A. butz/eri culture was 
harvested by centrifugation at 8 000g for 15 min at 4 °C and resuspended in 10 ml 10 
mM Tns pH 8.0. Cells were lysed by French pressing (4 times) at 4 000 psi and 
unbroken cells were removed by centrifugation at 8 000g for 15min at 4°C. The 
supernatant was transferred to a clean tube and centrifuged at 48 000g for 1 hour at 
4°C to pellet the membranes which were resuspended in 1 ml dH 2 0. The sample was 
freezed at -70°C. After thawing, the membranes were incubated in 8 volumes of 
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1.67% (w/v) Sarkosyl, 11.1 mM Tris, pH 8.0 for 20 min at RT to solubilize the inner 
membrane. To pellet the outer membrane, the sample was centrifuged at 100 000g 
for 1 hour at 4 °C. The outer membrane was resuspended in 10 mM Tris pH 8.0. 
2.9.3 SDS Polyacrylamide Gel Electrophoresis (SDS-PAGE) 
Proteins were analyzed by standard procedures (J. Sambrook, 1989). 
Acrylamide concentrations of 12% and 5% were used for the resolving and the 
stacking gel, respectively. Gels were poured, assembled and run using the Mini-
PROTEAN 3 (BioRad) system. Protein samples were prepared by boiling for 5min in 
IX protein sample buffer (50 mM Tris pH 6.8, 2% (w/v) SDS, 10% (v/v) glycerol, 
0.1% (w/v) bromophenol blue). Gels were run in running buffer (25 mM Tris, 250 
mM glycine, 0.1% (w/v) SDS) at I OOV for 1.5-2 hours, followed by staining in 
Coomassie solution (40% (v/v) methanol, 10% (v/v) glacial acetic acid, 2.5% (w/v) 
Coomassie Brilliant Blue R250) for 30 min and destaining in 40% (v/v) methanol, 
10% (v/v) glacial acetic acid until the desired intensity of the bands was achieved at 
minimum background, changing the destaining solution 3-4 times. Glycosylated 
proteins on SDS polyacrylamide gels were stained and detected using the 
glycoprotein detection kit (GLYCOPRO, Sigma), according to the manufacturer's 
recommendations. 
2.9.4 Detection of fibronectin - binding proteins of A. butzleri by 
Western blotting 
Following SDS - PAGE of A. butzleri whole cell lysate and different protein 
extracts were blotted onto a nitrocellulose membrane (Schleicher & Schuell) using 
Trans-Blot SD Semi-Dry Transfer Cell. Briefly, gels were rinsed in transfer buffer 
(25 mM Tris, 0.15 M glycine, 0.0375% (wlv) SDS, 20% (w/v) methanol) and 
sandwiched with the membrane between filter paper soaked in transfer buffer. 
Proteins were transferred at iSV, 500 mA for 45mm. Membranes were blocked for 1 
hour or overnight in blocking solution - 5% (w/v) non fat dried milk, 0.25% (v/v) 
Tween 20 in PBS (137mM NaCl, 2.7mM KC1, 4.3 mM Na2HPO4, 1.4mM KH2PO4 
pH 7.5). The membranes were incubated with 10 jig —20 jig fibronectin (Sigma) in 
100 ml of blocking solution for 90 mm. The membranes were washed in 0.25% (v/v) 
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Tween 20 in PBS 3 x 5min and then incubated for 1 hour with primary (anti-
fibronectin) antibody (see 2.4) diluted 1:10 000 in blocking solution. The membranes 
were washed again and then incubated with horseradish-peroxidase conjugated 
secondary antibody (see 2.4) diluted 1:10 000 in blocking solution for ihour. After 3 
more washes the membrane was covered with the ECL reagent (Amersham) for I 
min and exposed to Hyperfilm ECL chemiluminescent film (Amersham) for 2 sec - 
5 min and the film was developed using SRX-IOIA developer (Konica). 
2.9.5 Detection of fibronectin - binding proteins of A. butzleri by 
ELISA 
ELISA plates were coated in triplicate with 100 j.illwell of A. butzleri cells, 
suspended in coating buffer (7.5 mM Na2CO3 , 17.5 mM NaHCO3 pH 9.7), overnight 
at 4 °C. Control plates were coated with C. jejuni cells, fibronectin (l0gIml) or 
BSA (10igIml). Plates were washed 3 times with washing solution (0.05% (v/v) 
Tween 20 in PBS) using a plate washer (Dynex Technologies). Then wells were 
blocked with 200i.xl/well of 3% (w/v) BSA in PBS for 1 hour at RT, followed by 
another 3 washes. To detect proteins binding to fibronectin, plates were incubated for 
3 hours at 37 °C with 100 pd/well of 10 j.tg/mI fibronectin diluted in 0.02% (w/v) 
BSA in PBS. This was followed by 3 more washes and incubation with 100 il/well 
primary (anti -fibronectin) antibody diluted 1:10 000 in washing solution plus 0.25% 
(w/v) non-fat dried milk for 1 hour at 37 °C. Then wells were washed again and 
incubated with horseradish-peroxidase conjugated secondary antibody diluted 
1:10000 in washing solution plus 0.25% (w/v) non-fat dried milk for 1 hour at 37°C. 
After 3 more washes, plates were incubated with 100 j.il/well of peroxidase substrate 
(SIGMAFAST'M OPD, Sigma) for 15 - 30 min at RT. After the color development, 
plates were read at X450nm on an Anthos 2010microplate absorbance reader. 
2.10 Extraction of capsular polysaccharides (CPS) 
A. butzleri cells from 1 ml overnight culture were pelleted at 13 000g for 10 
min and resuspended in I00 j.tl of lysis buffer (31.25 mM Tris, 4% (w/v) SDS, 
0.025% (w/v) bromophenol blue, 20% (v/v) glycerol pH 6.8). The sample was boiled 
for 5 min and cooled down to RT. Proteinase K was added to a final concentration of 
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I mg/ml and incubated at 50 °C for 1 hour. Capsular polysaccharide (CPS) extracts 
were analyzed by SDS-PAGE (typically on 10% gels) followed by Aician blue 
staining (0.1% (w/v) Alcian blue, 40% (v/v) ethanol, 5% (v/v) acetic acid) for 2 
hours and destaining in 40% (v/v) ethanol, 5% (v/v) acetic acid until desired intensity 
of the bands was achieved. 
2.11. Calcofluor White assay 
The extracellular polysaccharides of A. butzleri were detected by 
incorporating the fluorescent stain - calcofluor white into the agar media to a final 
concentration of 0.02% (w/v). A. butzleri was grown on calcofluor white plates for 
48 hours under microaerophilic conditions. Then plates were exposed to UV light to 
look for fluorescing colonies. 
2.12. Transmission electron microscopy (TEM) 
A. butzleri cells were harvested from a liquid culture by centrifugation and 
incubated in fixative/staining solution (1% (w/v) Alcian blue; 2.5% glutaraldehyde; 
0.1 M sodium cacodylate buffer, pH7.4) for 1.5 hours followed by three washes in 
fresh buffer. In parallel, A. butzleri cells fixed only in fixative solution (2.5% 
glutaraldehyde; 0.1 M sodium cacodylate buffer, pH7.4), omitting the Alcian blue 
were used as the control sample. A. butzleri samples were then embedded in low 
melting point agar, re-fixed as before and post-fixed in 1% (w/v) osmium tetroxide 
for 1 hour. This was followed by dehydration in alcohol series and infiltration of 
Spun's resin using propylene oxide as linking solvent (Agar Scientific). Resin 
polymerization was done by incubation of the samples at 70 °C. Sections (90 nm) 
were made on a Leica UCT Ultramicrotome and collected on HEX 400 and 200 
MESH grids (Agar Scientific). Samples were examined on a Philips CM 120 
BioT WIN transmission electron microscope and micrographs were taken on Kodak 
Electron Image film SO-163. 
2.13. Attachment and invasion assay 
A. butzleri 12481 was grown in Vandamme broth under microaerophilic 
conditions for 48 hours at 30 °C. Human colon cancer cells, Caco-2 were cultivated 
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in Dulbecc&s Modified Eagle Media (D-MEM) (Gibco) with 10% (v/v) Fetal Bovine 
Serum (Gibco), at 37 °C in a 5% (v/v) CO2 incubator. Monolayers were split and 
grown in six-well plates until -80% - 100% confluence (approximately 1x10 6 
cells/well), which was normally 2 days. Then bacteria were added at multiplicity of 
infection (m.o.i) of either 10 or 100 bacteria to one epithelial cell. This was followed 
by incubation for 1 - 3 hours at 37 °C in 5% (v/v) CO 2 incubator to allow bacteria to 
attach to and invade the epithelial cells. Infected monolayers were then washed 
extensively three times with D-MEM and half of the wells were incubated with 
200ig/ml gentamicin in order to kill extracellular bacteria and allowing enumeration 
of the internalized bacteria only. The rest of the monolayers were incubated with D-
MEM as controls giving the total numbers of A. butzleri 12481 both adhering to and 
invading Caco-2 cells. After 1 hour monolayers were washed again and lysed with 
1% (v/v) Triton X-100 for 15 min at 37 °C in 5% (v/v) CO2 incubator. After serial 
dilutions the lysates were plated on Vandamme agar plates and incubated at 30 °C 
for 48 hours under microaerophilic conditions. That was followed by enumeration by 
colony counting of the attached and invaded bacteria. Each experiment was 
performed in triplicates and three independent experiments were done on different 
days. 
2.14. Giemsa staining of Caco-2 cells infected by A. butzleri 
A. butzleri was grown as described in section 2.13. Caco-2 cell cultures were 
prepared as described above except they were drown on glass cover slips which were 
firstly added to each well of the plates. Infection and incubation steps were 
performed as above followed by extensive washes and fixation in 4% formaldehyde 
for 15 mm. Wells were washed again and left to air dry. Giemsa stain was added to 
the wells diluted 1:20 with distilled water and incubated for 30 mm. This was 
followed by washing, air drying and mounting of the cover slips onto glass slides and 
microscopic visualization. 
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2.15. Construction of pSCaphIIl by replacing the kanamicin resistance gene 
aph3'-type H in pSC189 with aph3'-type III from pWM1007 
Plasmids pSC 189 and pWM 1007 were electroporated and maintained in E. 
co/i DH5a ?.pir. The gene for kanamycin resistance from pWM 1007 (aph3'-type III) 
was amplified by PCR using primers which introduced PstI site at the 5'end and 
NcoI site at the 3'end. Primers sequences are as follows: 
aphIIl-PstI: 5'GGACTTATTCTGCAGAAACCCAGCGAACCATTCGAGGTG-3' 
aphIII-NcoI: 5 'GGACTTATTCCATGGTACTCTTGCACTAGCGATGAAGTG-3' 
After amplification, the DNA fragment was digested with PstI and NcoI, followed by 
gel purification. 
In order to cut out aph3'-typell kanamycin resistance gene from pSCI 89 and 
to obtain the rest of the vector, 2 jig of the plasmid were digested with PstI and NcoI, 
which was followed by adding CIP and incubation for 1 hour. The digested and 
dephosphorylated plasmid was run on 0.8% (wlv) agarose gel and the DNA fragment 
of interest (pSC189 without the aph3'-typell) was gel purified. Ligations were 
performed in ratios 1:1 and 1:10 (vector:insert) in 10 p1 reactions and 3 p1 of each 
ligation mix were electroporated into E. co/i DH5a Xpir and E. co/i SM1O Xpir as 
described below. Transformants were selected on LB plates containing 100 jig/ml 
ampicilin. 
2.16. Electroporation 
E. co/i strains (DH5a kpir and SM 10 ?pir) were prepared for electroporation 
according to the following method. An overnight culture of each strain, growing in 
LB, supplemented with the appropriate antibiotic (100 jig/ml tetracycline or 50 
jig/ml kanamicin for DH5a 7pir or SMIO Xpir, respectively), was used to inoculate 
fresh LB medium and cultures were grown until A600=0.4-0.5. Cells were harvested 
at 2500 g for 15 minutes at 4°C. The pellets were resuspended very gently in 100 ml 
10% (v/v) ice cold glycerol. Centrifugation and resuspension were repeated three 
more times and each time the amount of the 10% glycerol was halved and after the 
last centrifugation cells were resuspended in 2 ml 10% (v/v) glycerol. Aliquots of 
100 p1 were snap-freezed in a dry ice ethanol bath and stored at -70 °C. 
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Electrocompetent A. butzleri and C. jejuni cells were prepared according to 
the same procedure, except for A. butzleri instead of glycerol, ice cold distilled sterile 
water was used. 
E. coli, A. butzleri or C. jejuni electrocompetent cells were mixed with 
plasmid DNA in prechilled 0.2 mm cuvettes and electroporated under the following 
conditions: 251.iF, 200w and 2.5 W. After electroporation, 800 p.1 of SOC medium 
(0.5% (w/v) Yeast extract, 2.0% (wlv) tryptone, 10 m NaCl, 2.5mM KC1, 10 m 
MgCl-) , 20 mM MgSO4, 20 mM glucose) was added to each cuvette and cells were 
incubated for 1 hour at 37 °C for E. co/i or overnight at 30 °C for A. butz/eri and 
42°C for C. jejuni. Then cells were plated out on the appropriate agar medium for 
selection of transformants. 
2.17. Preparation of chemically competent A. butzleri cells and transformation 
For preparation of chemically competent A. buizieri cells according to the 
rubidium chloride method and for transformation by heat shock, the protocol from 
Promega Protocols and Applications Guide (Doyle, 1996) was followed. 
2.18. Conjugation by bacterial mating 
For conjugation, the donor strain E. co/i SM 10 ?.pir was transformed by 
electroporation with pSC 189 or pSCaphIII and plated on LB agar containing 
100p.g/ml ampicillin. An overnight culture of the donor strain was mixed with an 
overnight culture of A. butzleri (recipient strain) in different ratios (donor: recipient - 
1:1, 1:10, 1:100). A 100 p.1 drop of each mixture was placed on a Vandamme agar 
plate and incubated overnight under microaerophilic conditions at 30 °C. The mating 
mixture was then scraped up, resuspended in Vandamme broth and serial dilutions 
were plated on Vandamme agar plates containing 50 p.g/ml kanamycin and 50 .tg/ml 
chioramphenicol. After 48-72 hours of incubation under microaerophilic conditions 
at 30 °C plates were examined for colonies. 
2.19. Triparental mating 
To introduce pWM 1007 into A. butzleri by triparental mating, cultures of the 
donor - E. co/i DH 5apir (pWM 1007) and the helper - E. coli MM294A (pRK20 13) 
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strains were grown overnight in LB broth containing 50.tg/ml kanamycin until 
0D600-1 .2 followed by washing in LB broth to remove the antibiotic An overnight 
culture of A. butzleri was adjusted to OD600-1 by centrifugation and resuspending 
in appropriate amount of Vandamme broth. The cultures were mixed in several 
different ratios and a drop (200 j.tl) from each mixture was placed in the middle of 
Vandamme agar plates. For negative controls, a drop of each mixture was placed on 
plates containing the selective antibiotics (Vandamme containing kanamycin 
50tg/ml and chloramphenicol 30.tg/ml) to ensure that no growth occurred. Plates 
were incubated at 30 °C under microaerophilic conditions for 24 hours. On the 
following day the mating mix was scraped from the plates by adding lml of PBS to 
each plate. Serial dilutions were prepared from the collected suspension and 100 jil 
of the following dilutions: 10°, 10' andlO 2 were plated on Vandamme plates 
containing kanainycin 50tg/ml and chloramphenicol 30igIml. Plates were incubated 
at 30 °C under microaerophilic conditions for 24 - 72 hours. 
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Chapter 3 GENOME MAPPING OF A. butzleri NCTC 12481 
	
3.1 	Background 
Arcobacter butzleri is now considered as emerging zoonotic foodborne and 
waterborne agent. Despite its potential role as pathogen for animals and humans 
there is very limited knowledge regarding virulence factors or pathogenicity 
mechanisms. There is neither information available on genome sequence and 
organisation nor genetic evidence for pathogenicity. 
Therefore to start with, it seemed reasonable to characterize the Arcobacter 
butzleri genome by creating a map and possibly identifying genes involved in 
virulence. 
This chapter explains the strategy for the construction of a genome map using 
Pulse Field Gel Electrophoresis (PFGE) combined with Southern hybridization and 
describes the stages of building the map including the finalised map of A. butzleri 
NCTC 12481. 
3.2 	Analysis of A.butzleri genome by PFGE 
3.2.1 Optimisation and adaptation of PFGE protocol for A. butzleri 
The protocol for preparation of genomic DNA embedded in agarose 
established for A. butzleri in the laboratory involved a lysis step which was 
performed for 48-72 hours in a buffer containing l%(w/v) SDS, 0.5M EDTA, pH 9 
and proteinase K (0.5 g/ml). The procedure was optimized by including lysozyme 
treatment before the deproteinisation with proteinase K. That step decreased the time 
required for lysis down to 45 minutes. 
In order to obtain the best possible separation of the restriction fragments, 
different electrophoretic conditions and program settings were tried. The conditions 
described in section 2.8.5 with two blocks of switching times (block 1, pulse time 0.5 
- 60s for 16 hours; block 2, 60— 120s for 6 hours) were found to give optimal 
resolution of the whole range of fragments representing the genome of A. buizieri 
12481 on a 1 %(wlv) agarose gel. The combined use on each gel of Lambda Ladder 
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PFG Marker and Yeast Chromosome PFG Marker provided a size standard for A. 
butzleri macrorestriction fragments over the range of 50kb - 1900kb. 
3.2.2 Restriction fragment analysis and estimation of genome size 
A selection of restriction enzymes was tested for suitability as rare cutters of 
the A. butzieri genome. BamHI, KpnI, PvuII, BstEII and BseYI all yielded too many 
fragments (>20) to be suitable for mapping. By contrast, Nod, Sf11 and SrnaI did not 
produce any genomic DNA fragments detectable by PFGE. The enzymes chosen for 
mapping were Sail, SacII, EagI, I-Cei1 and AlzoI, which were found to be rare- 
cutters, digesting the investigated genome into a limited number of fragments. For 
the chosen restriction enzymes, the minimum amount which was sufficient for a 
complete overnight digestion of the genomic DNA embedded in one agarose plug 
(500ng-1ig DNA) was found to be as follows: Sail—IOU, SaclI-20U, EagI-5U, I-
CeuI—1 OU, )aiol-30U. When A. butzieri genomic DNA was completely digested by 
individual enzymes, the number of fragments produced by each enzyme and detected 
by PFGE under the conditions described in section 2.8.5 was as follows: 
Enzyme Sail SacIl EagI I-CeuI A7ioI 
No. fragments 6 6 8 5 10 
The PFGE restriction patterns obtained from the single digestion with these enzymes 
are shown in Fig. 3.1 and the sizes of the fragments are illustrated in Table 3.1. 
The size of the A. butzieri genome was estimated to be 2.57 ± 0.01 Mb by 
summation of the fragments obtained from individual Sail, SacII, EagI, I-CeuI and 
Xhol digestions (Table 3. 1, Fig. 3.1) and from SalI/SaclI, SaclI/EagI, SalI/EagI, 
SalIlXhoI and SaiI/I-CeuI double digestions (Table 3.2, Fig. 3.2). The fragment sizes 












Figure  3.1. PFGE patterns of A. butzk'ri NCTC 12481 gcnonlic DNA digested with various 
enzymes that cleave the genonie infrequently. Y, X - PFG size markers: Y-yeast chromosome 
marker, k - Lambda ladder. 
Enzyme Sal! SacII I EagI I I-CeuI J )aiol 
1147±5 1028±10 1020 1020+8 1192±10 
687±5 512±2 554±4 1020±8 300±5 
251±3 485 374±12 295±3 235±2 
Sizes of 232±2 295±3 247±5 145 210 
restriction 160±5 145 141±1 97±2 190 
fragments 97 97 95 165±1 




Total: 2574 kb I 2562 kb 2574 kb I 25-7-7—k7_1 2574 kb 
Table 3.1. Sizes of restriction fragments obtained from single complete digestions of A. buizieri 
NCTC 12481 genomic DNA with various enzymes The last row shows the sum of the sizes of all 
the fragments for a given enzyme which represents the size of A. butzleri genome (-2.57 Mb). 
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Figure3.2. PFGE patterns of A. butzleri genonhic DNA obtained from double digestion with 1-
SalI/SacII, 2-SacIIIEagl, 3-Sall/EagI, 4-SaII/XhoI and 5-SaIL'l-ceul. Y, X - PFG size markers: 
Y-yeast chromosome marker, X - Lambda ladder. 
Enzymes SalI/SacII I Sacli/Eagi SaIl/EagI SalI/XhoI Sa1L/I-CeuI 
550±10 1020 555±5 550±10 680 
485±2 422±2 500±8 300±5 505±5 
295±5 374±1 250±5 240±5 300±5 
251±3 243±2 245±2 235±2 247±2 
205 143±2 195±5 210 205±5 
Sizes of 190 140 158±5 190 170±5 
160±3 97 127±3 170±2 130 restriction 
120±2 95±1 115±2 165±1 120±3 fragments 
110 49 95±1 115±5 100±2 
90±3 95 100±2 100±2 
87±1 93±1 97±2 15 




Total: 2553kb 2583 kb 2574 kb 2597 kb 2572 kb 
Table 3.2. Sizes of restriction fragments generated by double digestions of A. butzleri genornic 
DNA with Sa(I/EagI, SacIl/EagI , SallII-CeuI and SaIIIX/sol. The last row shows the sum of the 
sizes of all the fragments for a given enzyme combination which represents the size of A. butzleri 











3.3 	Construction of physical map of A. butzleri genome using two 
dimensional PFGE (2D PFGE) 
After A.butzleri genome size was determined by the summation of the size of 
the restriction fragments, the next step was to try to order these fragments into a 
single physical map representing the whole genome. The restriction map was 
constructed using two dimensional PFGE (21) PFGE) which was applied in two 
variants: (a) partial/complete 2D PFGE; (b) complete/complete 2D PFGE. Two 
dimensional PFGE involves two successive steps of PFGE. In the variant of 
partial/complete 2D PFGE, the first dimension separates DNA fragments resulting 
from partial digestion with a restriction enzyme. After the run is finished a lane 
containing the pattern is cut out from the gel and subjected to a complete digestion 
with the same enzyme. Then the lane is inserted in a new gel and a second PFGE is 
run in a direction perpendicular to the first one. The variant of complete/complete 2D 
PFGE involves separation of DNA fragments completely digested by two different 
enzymes, one in each successive PFGE run. 
3.3.1 Partial/Complete 21) PFGE 
Individual restriction maps for EagI, Sail, SacII and XhoI of A. butzieri 
genome were constructed using partial/complete 2D PFGE. For each enzyme, 
genomic DNA was digested with decreasing amounts of enzyme in order to obtain 
partial digestions. After PFGE resolution of the partially digested fragments in the 
first dimension, a 3mm wide lane was cut out from the gel and subjected to complete 
digestion with the same enzyme. This was followed by inserting the lane in a long 
wide horizontal well in a new gel and a PFGE separation in the second dimension. 
After the first PFGE run, the restriction profile contains a mixture of fragments. 
Some are completely digested, others are partially digested. The partially digested 
fragments are comprised of adjacent genomic fragments. Therefore, after they get 
fully digested and separated in a second PFGE dimension, the identity of contiguous 
fragments can be deduced. 
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Figure 3.3. Partial/complete two-dimensional pulsed field gel electrophoresis. (a) First 
dimension: separation after partial digestion with EagI; second dimension: separation after 
complete digestion with Eagl. P1—PlO, partially digested fragments. (b) Schematic 
representation. Black spots represent completely digested fragments that have the same 
molecular size in both dimensions. Blue spots represent completely digested fragments in the 
second dimension that derive from partially digested fragments (PI—PlO) from the first 
dimension. 
Figure 3.3 shows the results from such an experiment for EagI. It is evident 
that each partially digested fragment (P1—Plo) from the first dimension (the 
horizontal gel lane on Fig. 3.3 represents the first dimension) appears as a 
combination of fully digested fragments in the second dimension. For example, 
partial fragment 9 (P9) digests into two fragments with sizes 141 kb and 1020 kb, 
hence it can be concluded that these two fragments are next to each other in the 
genome. P 1 gives fragments with sizes 1020 kb and 374 kb, which suggests that 
374 kb fragment is next to 1020 kb fragment. 
1020 
141 n 374 
P1 - P 1 are composed of the fully digested fragments as follows (sizes in 
kilobases): P1(95, 48), P2 (141, 95), P3 (247, 48), P4 (247, 95), P5 (247, 95, 48), P6 
(247, 141, 95), P7 (554, 95), P8 (554, 374), P9(1020, 141) and PlO (1020, 374). 
This is consistent only with the fragment order 14 1-1020-374-554-95-48-247-95 
which was arranged in a circular EagI restriction map for A. butzleri genome. 






















Similar experiments with Sail and XhoI were carried out to obtain individual 
restriction maps for Sail and Xhol. For XhoI, the fragment order for eight of the 10 
fragments was established by this method. The order of the two remaining fragments 
was confirmed by Southern hybridization using a probe from the 30 kb fragment. 
The map for Sadl was deduced after the separation of the partially digested 
fragments in the first dimension. The analysis of the partial digestions of the genomic 
DNA with Sacli revealed a restriction pattern containing at least five partially 
digested fragments in addition to all the completely digested fragments. The selected 
pattern was suitable for mapping, because the partial fragments represented a range 
of combinations of complete fragment which enabled the construction of Sac!! map. 
The restriction profiles of A. butzleri genomic DNA digested with decreasing amount 
of Sadl are shown on Fig. 3.5. 
Y 	1 	2 
Figure 3.5. PFGE of A. buizieri genomic DNA digested with decreasing amount of Sacil. 
Lanel - IOU 	Lane4- 1U 
Lane2 - 5U Lane5 - 0.5U 
Lane3 - 2.5U 	Lane6 - O.IU 
- PFG size markers: V-yeast chromosome marker, k - Lambda ladder. 
Ell 
Lane 3 from Fig. 3.5 was chosen for the analysis as it contained the 
most number of fragments, all well visualized. The gel lane contained six completely 
digested fragments and at least five partially digested fragments which are indicated 
in Fig. 3.6. 
I completely 	 partially 
digested I digested 
fragments 	fragments 
kb 	 kb 
1650 = 145 + 485 + 1028 







390 = 295 + 97 
240 = 145 + 97 
Figure 3.6. PFCE gel lane containing partial digestion pattern of A. genomic DNA with Saclt. 
Completely digested fragments are indicated by blue arrows; partially digested fragments are 
indicated by yellow arrows. The sizes of the partially digested fragments are represented as a 
combination of the sizes of the fragments they are composed of. 
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The presence of the partial fragment of —240kb suggests that it is a 
combination of complete fragments 145kb and 97kb. So, they are positioned next to 
each other in the genome as shown below: 
97 	145 
The next partial fragment - the —390kb is a combination of the 97kb and the 
295kb fragments. Therefore, the 295kb fragment is placed next to the 97kb fragment 




The partial fragment of —800kb could be a combination of 295kb and 5 12kb 
or 295kb and 485kb. The next combination of complete fragments is demonstrated 
by the presence of the partial fragment of—i 170 kb which is constructed of the 
1028kb and the 145kb fragments, hence the position of the 1028kb next to the 145kb 
fragment: 
/295 77 
The presence of the partial fragment of —165 Okb  suggests the combination of 
complete fragments 145kb, 1028kb and 485kb. So, the 485kb is added to the map 
next to the 1028kb fragment. The only possible position of the remaining complete 
fragment (512kb) is between 295kb and 485kb. Therefore the partial fragment of 
—800kb should be a combination of 295kb and 5 12kb fragments. The complete Sacil 
map, constructed gradually by analyzing the combinations of fragments is illustrated 





Figure 3.7. Sad! restriction map of A. butzleri built up by analysis of the partial fragments 
obtained after digestion of the genomic DNA with decreasing amount of enzyme. 
colour = size of corresponding 	combination of complete 
partial fragment 	 fragments 
Blue greN = 240kb 	 97kb and 145kb 
Pink = 390kb 	 97kb and 295kb 
Turti'' 	1170kb 	 l45kb and lO28kb 
Blue = 1650kb 	 145kb, 1028kb and 485kb 
=800kb 	 5l2kb and 295kb 
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3.3.2 Complete/Complete 2D PFGE 
The construction of individual restriction maps for EagI, Sall, SacIl and X7ioI 
of A. butzieri 12481 genome was the first step towards creating a physical map. The 
next step was to try to align these maps together in order to obtain a single circular 
map, containing the recognition sites of all the enzymes used. To position the 
restriction sites of one enzyme on the map of a different enzyme, complete/complete 
2D PFGE was carried out using double digestions with two different restriction 
enzymes: one in each dimension. In order to position Sail fragments on the EagI 
map, DNA of A. butzleri was completely digested with EagI and run in the first 
PFGE dimension. The whole lane containing the EagI restriction pattern was cut out 
from the gel and subjected to a complete digestion with Sail followed by PFGE 
separation in the second dimension which is in a perpendicular direction compared to 
the first one. Figure 3.8 represents the results from complete/complete 2D PFGE 
using EagI in the first and Sail in the second dimension. 
The PFGE restriction pattern of A. butzieri genomic DNA completely 
digested with EagI contains eight fragments detectable by PFGE under the 
conditions used in this study (1020 kb, 554 kb, 374 kb, 247 kb, 141 kb, 95 kb 
(doublet), and 48 kb). Of these only 3 fragments were cut by Sall (1020 kb, 374 kb 
and 141 kb). This means that the remaining fragments do not contain Sail 
recognition sites in their sequences. The EagI fragment of 1020 kb was digested by 
Sail into four new fragments, the 374 kb one gave three new fragments and the 
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Figure 3.8. Complete/complete two-dimensional pulsed field gel electrophoresis. The 
first dimension (shown as a horizontal gel lane on the top) represents the PFGE separation of 
DNA fragments after complete digestion of A. butleri NCTC 12481 genornic DNA with EagI. 
The second dimension shows the PFGE separation after complete digestion of the eight EagI 
fragments from the first dimension with Sal!. Indicated spots represent the EagI-digested 
fragments which are cut by Salt after the second PFGE run. Size markers: Y, yeast 
chromosome marker; ?., lambda ladder. 
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The information obtained from this experiment, combined with the data from 
the double simultaneous digestion with EagI and Sail of the genomic DNA separated 
on one dimensional PFGE (Fig. 3.2), enabled the alignment of the two maps together 
as shown in Fig. 3.9 and also confirmed the circularity of A. butzleri genome. 
Figure 3.9. Alignment of Sal! and EagI maps of A. buizieri genome. 
Similar experiments with SaclI/SalI (first/second dimension) and Eagl/XhoI 
were done in order to align all the individual maps together. An example of 
SacII/SalI 2D PFGE is demonstrated in Fig. 3.10. From the 6 SaclI fragments three 
remained uncut and three were cut by Sail. These were the fragments of 1028kb, 
485kb and 145kb which were digested into smaller fragments depending on the 
number of Sail sites they contained initially. The SacII and the Sail maps were 
aligned together by analyzing different mutual positions of the maps and obtaining 
the one resulting in the same sizes and numbers of fragments as there were produced 
by SacII/SalI 2D PFGE. 
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Figure 3.10. Complete/complete two-dimensional pulsed field gel electrophoresis. The first 
dimension (shown as a horizontal gel lane on the top) represents the PFGE separation of DNA 
fragments after complete digestion of A. butzleri genornic DNA with Such. The second 
dimension shows the PFGE separation after complete digestion of the six SacII fragments from 
the first dimension by Sat!. Indicated spots represent the Sachl-digested fragments which are 
cut by Satl after the second PFGE run. Size markers: Y, yeast chromosome marker; X, lambda 
ladder. 
The data obtained from all 2D PFGE experiments allowed the deduction of 
the physical map shown in Fig. 3.11. The restriction map constructed for A. butzleri 
12481 genome at this stage contained 30 recognition sites of the four enzymes used: 
6 for Sail, 6 for SacII, 8 for EagI and 10 for )72ol. 
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Figure 3.11.1 Restriction map of A.butzk'ri 12481 genome containing 30 recognition sites: 6 for 
Sail, 6 for SaclI, 8 for EagI and 10 for XhoL The size of each fragment of the map is indicated 
together with the abbreviation of the enzyme name within the fragment itself. 
3.4 	Localization of gene markers on A. butzleri genome map 
In order to investigate the genome of A. butzleri further, the next step was to 
try to locate genetic markers on the map using Southern hybridisation. The strategy 
involved preparation of DNA probes which were then hybridised to genomic DNA 
digested with different enzymes, separated on PFGE gels and vacuum blotted onto 
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Figure 3.12. Outline of the Southern hybridization method used in this study. After genomic 
DNA is digested by restriction enzymes and the resulting DNA fragments are separated by 
PFGE then gels are blotted onto nylon membranes so that DNA is transferred from the gel to 
the membrane. The membranes are then incubated with DIG-labelled probes to allow 
hybridization to occur. This is followed by visualization of the fragments which have hybridized 
with the probe by detection of digoxigenin. 
Both, homologous and heterologous DNA probes were prepared by PCR 
amplification. The primers were designed on the basis of known sequences of A. 
butzleri or the closely related C. jejuni. Primers for the homologous probes were 
designed using all the currently available sequences for A. butzleri: 16S rRNA gene 
(Wesley et at., 1995), 23S rRNA gene (Hurtado and Owen, 1997), the overlapping 
region between the rpoB and rpoC genes (Zakharova et at., 1999) and the glyA gene 
(Al Rashid et al., 2000). All four DNA fragments were successfully amplified. 
Heterologous DNA probes were prepared by designing primers based on 
conserved regions of C. Ic] uni genes. This was aimed deliberately as the primers for 
the heterologous probes were also used in PCR reactions with A. butzleri 12481 
genomic DNA as a template in order to try to amplify the corresponding A. butz!eri 
genes if they were present in the genome. The C. jejuni gene targets were peb3, 
aspA, sodB, galE, wlaH and kpsT. All these genes were successfully amplified when 
using C. jejuni genomic DNA as template. 
When A. butz!eri DNA was used as template, all of the C. jejuni primers 
failed to amplify the corresponding A. butz!eri gene, except for the primer pair for 
peb3. These primers managed to amplify two DNA fragments at annealing 
temperature of 30 °C which on an agarose gel appeared as one very strong band at 
the size of-1 .2kb and a second very faint band at —600bp. Although the 600bp band 
was closer to the C. jejuni peb3 product (676bp) in terms of size, the band of 1.2 kb 
was significantly more intense and was the only one amplified at the annealing 
temperature of 50 °C. Therefore the 1.2 kb band was considered as the specific 
product and was named "putative A. butzleri peb3 gene". 
All the successfully PCR amplified DNA products are illustrated in Fig. 3.13 
and summarized in Table 3.3. 
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A. butzleri DNA template 
L A. butzkri primers 
A. buizieri DNA template 
C. jejuni primers 
C. jejuni DNA template 
C. jejuni primers 
Figure 3.13. Conventional Agarose Gel Electrophoresis showing the successfully amplified DNA 
fragments (at 50 °C annealing temperature) to be used as probes for hybridization. 
Lane 14: products from PCR with A. buizieri DNA template and A. butzleri based primers. 
Lane 5: product from PCR with A. buizieri DNA template and C. jejuni based primers. 
Lane 6-11: products from PCR with C. jejuni DNA template and C. jejuni based primers. 
M100 bp DNA ladder (New England Biolabs). 
Lane I - 16S rRNA; 	 Lane 6 —peb3; 
Lane 2 - 23S rRNA; Lane 7— aspA; 
Lane 3 —gIyA; 	 Lane 8 —sodB; 
Lane 4 - rpoB-rpoC junction site 	 Lane 9—galE; 
Lane 5 - "putative A. butzleripeb3" Lane 10— wlaH; 








 DNA  
Product Size, bp 
16S rRNA A.butzleri based A. but:Ieri Yes 901 
23S rRNA A.butzleri based A. butzleri Yes 777 
gIyA A.but:leni based A. butzleni Yes 370 
rpoB-rpoC 
Junction site 
A. butzleri based A. butzleri Yes 463 
peb3 C.jejuni based A. butzleni Yes 
1200 major band 
600 very weak band 
aspA C.jejuni based A. butz/eri No  
sodB C.jejuni based A. butzleri No  
galE C.jejuni based A. butzleri No  
wlaH C.jejuni based A. butzleri No  
kpsT C.jejt.ini based A. butzleni No  
peb3 C.jejuni based CJ  juni Yes 676 
aspA C.jejuni based C. jejuni Yes 191 
sodB C.jejuni based C. jejuni Yes 153 
galE C.jejuni based C. jejuni Yes 885 
wlaH C.jejuni based C. jejuni Yes 314 
1&psT C.jejuni based C. jejuni Yes 613 
Table 3. Summary of PCR results illustrating which genes/sequences were targeted for probe 
preparation and also shows the sizes of the successfully amplified PCR products. 
All successfully amplified PCR products were labelled with digoxigenin 
using the Roche DIG Labelling and Detection Kit. As a result 11 DIG labelled 
probes were prepared: five homologous (16S rRNA-DIG, 23S rRNA-DIG, glyA-
DIG, rpoB-rpoC-DIG, "putative A.butzlenipeb3"-DIG) and 6 heterologous probes 
(peb3 -DIG, aspA -DIG, sodB-DIG, gaff-DIG, wlaH-DIG, ltps T-DIG). 
For the hybridization experiments nylon membranes with A. butzleri DNA 
fragments were prepared by a vacuum blotting procedure which showed very high 
efficiency assessed by examining the PFGE gels under UV light following the 
blotting. All gels had no DNA after the completion of the DNA transfer. 
All the homologous and heterologous DIG-labelled probes were used 
successively in hybridization experiments. All homologous probes hybridized 
specifically to A. butzleri DNA on the membranes giving intensive signal with low 
background at the conditions described in section 2.8.13. Under the same 
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hybridization conditions the heterologous probes did not hybridize with A. buizieri 
DNA and fail to develop any specific signal on the membranes. 
3.4.1 Localization of gene markers using homologous probes 
16S rRNA and 23S rRA genes 
The first gene markers to be located on A. butzleri map were the genes for 
16S and 23S rRNA. After hybridization of A. butzleri genomic DNA fragments with 
DIG labelled 16S rRNA and 23S rRNA probes, the following hybridization patterns 
were obtained (Fig. 3.14). The fragments which give signal with the probes for each 
gel lane are summarized in Table 3.4. 
A. 16S rRNA - DIG 	 B. 23S rRNA - DIG 
12 	345 	6 	78 	9 
	
12 	3 	4 	5 6 	7 
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Figure 3.14. Hybridization patterns of single or double digestions of A. buizieri genomic DNA 















for digestion  
Fragments that hybridize with the probes (kb)  
1 Sail 1147 687 232 
2 Sac!! 1028 512/485 295 145 97 
3 EagI 374 247 141 95 
4 XhoI 1192 300 190 
5 1-Ceut 1020/1020 295 145 97 
6 SalI/EagI 245 195 127 95 
7 SaIl /XhoI 550 300 235 190 
8 SacILIXhoI 210 160 140 100 70 
9 SaIl/Sad 512/497 295 190 120 90 
1 Sail 1147 687 232 
2 Sac!! 1028 512/485 295 145 97 
4 XhoI 1192 300 190 
5 I-euI 1020/1020 295 145 97 
6 SaIIIEagt 245 195 127 95 
7 Sall/Xhol 550 300 235 190 -- 
Table 3.4. Summary of the A. butzleri digested fragments which hybridise with the ribosomal 
(16S rRNA and 23S rRNA) probes. 
The number of the fragments giving signal with the ribosomal probes varied 
between 3 and 5, depending on the enzyme(s) used for the digestion of the genomic 
DNA prior to hybridization. The identity and the position on the map of each signal 
giving fragment of each restriction enzyme was deduced. The hybridization profiles 
with 5 signals (lanes 8 and 9 on Fig 3.14) consisted of fragments with equal colour 
intensity. However, hybridization profiles with less fragments, consisted of bands 
with different intensity of the colour. This implied that the more intensive bands 
contain more than one copy of the genes. Therefore, the suggested number of the 
ribosomal genes was at least five. 
To determine the accurate number and map position of the ribosomal genes 
within the signal giving fragments it was decided to use I-CeuI mapping. The 
recognition sequence for the restriction enzyme I-CeuI is a 26 bp conserved sequence 
found only in the gene for 23S rRNA of many bacteria (Liu etal., 1993). Digestion 
of genomic DNA with I-CeuI yielded at least four fragments but the sizes of these 
fragments supported the hypothesis that the band of 1020 kb was a doublet (Fig. 3.1). 
All I-CeuI fragments hybridized with both ribosomal probes (Fig. 3.14, lane 5). This 
suggested that there are five copies of the gene for 23S rRNA in the A. butzleri 
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NCTC 12481 genome which are also colocalising with the genes for 16S rRNA. 
Their precise location was supported by the position of the recognition sites for Sad! 
and EagI on the genomic map. There is a SacII site within the 16S rRNA gene and 
an EagT site within the 23S rRNA gene, immediately adjacent to the I-CeuI site. The 
conclusion from this study is that A. butzleri NCTC 12481 genome contains five 
copies of the rRNA genes in the position shown in Fig. 3.18. 
glyA gene 
The sequence for the house-keeping gene glyA was available for A. butzleri as 
it is one of the genes used for identification and differentiation of Arcobacter and 
Campylobacter species (Al Rashid etal., 2000). Southern hybridization with the 
glyA -DIG probe showed signal for two fragments on all restriction patterns of A. 
butzleri genomic DNA. Results are demonstrated on Fig. 3.15 and sizes of the 
fragments giving signal with the probe are listed in Table 3.5. 




Figure 3.15. Hybridization patterns of 
single or double digests of A. butz!eri 






hybridise with glyA 
(kb) 
1 Sail 251 	97 
2 Sadl 1028 485 
3 EagI 1020 	374 
4 XhoI 1200 235 
5 SalI/EagI 250 	95 
6 SacII/EagI 1020 374 
7 SaII/Xhol 251 	97 
8 SacIlJXhoI 1020 235 
Table 3.5. Fragments which hybridize with glyA -DIG 
probe. 
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1 	2 3456 78 
None of the restriction enzymes used for digestion contains a recognition site 
within the probe for glyA. Additionally, Sail digested fragments which hybridize 
with the probe (Fig. 3.15, lanel) are the fragments of 95kb and 25 1kb which are 
physically separated on the map by another fragment - the fragment of 687kb (Fig. 
3.11). Therefore each signal for each hybridization pattern should represent an 
individual copy of giyA. To further confirm this hypothesis, the Sail fragments of 95 
and 251kb were cut out from a PFGE gel; DNA was purified and analyzed by 
sequencing using the primers for giyA. Both fragments yielded identical amino-acid 
(aa) sequences after translation over the region sequenced and differed by only six 
nucleotides. Both copies of glyA were located on the map as shown on Fig. 3.18. 
rpoB-rpoC junction site 
The sequence for the genes encoding for 13  (RpoB) and 0' (RpoC) subunits of 
RNA polymerase has been studied for a range of epsilon proteobacterial genera 
including Helicobacter, Wolinelia, A rcobacter, Sulfurospirillum, and Campylobacter 
(Zakharova et al., 1999). It was found that in Arcobacter ssp. rpoB and rpoC overlap 
and the sequence including this junction site was used as a DNA probe in our study 
to locate these genes on the map. The rpoB-rpoC-DIG probe gave one positive signal 






hybridise with rpoB- 
rpoC probe (kb) 
1 Sall 232 
2 Sacil 145 
3 EagI 141 
4 I-CeuI 145 
5 SalI/EagI 127 
6 Sad I/EagI 145 
7 SalI/I-CeuI 120 
8 I-CeuI/EagI 145 
Figure 3.16. Hybridization patterns of 
single or double digests of A. buizieri 
DNA with rpoB-rpoC-DIG probe. 
Table 3.6. Fragments which hybridize with rpoB-rpoC- 
DIG probe. 
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1 2 	345 	6 	7 	8 
By identifying the fragment giving signal with the probe for every restriction 
enzyme, the single copy of overlapping site between these two genes was located on 
the physical map of A. butzleri 12481 (Fig. 3.18). 
"Putative A. butzleripeb3" 
Attempts were made to amplify A. butzleri genes using C. jejuni based 
primers and use them as DNA probes in order to identify homologous genes that may 
be involved in pathogenicity in A. buizieri. In particular, we were interested to 
determine whether A. butzleri contains a homolog of C. jejuni PEB3, a highly 
immunogenic cell surface protein (Linton el al., 2002) with a putative role in 
epithelial cell adherence. 
The "putative A. butzleri peb3" probe was PCR amplified using A. butzieri 
genomic DNA as a template and primers based on conserved regions of the C. jejuni 
PEB3 gene. The "putative A. butz!eri peb3"-DIG probe hybridized with one fragment 




Lane used for 
digestion 
"putative A. butzleri 
peb3 "probe (kb) 
1 Sall 232 
2 Sac!! 145 
3 EagI 141 
4 t-CeuI 145 
5 SalI/EagI 127 
6 SacIIIEagI 145 
7 SalI/I-CeuI 120 
8 1-CeuVEagI 145 
Figure 3.17. Hybridization patterns 	 Table 3.7. Fragments which hybridize with 
of single or double digests of 	 "putative A. butzleripeb3"-DIG probe. 
A. butzleri DNA with "putative 
A. butzleripeb3"-DIG probe. 
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In order to determine whether this "putative A. butzleripeb3" gene shows 
any homology with the C. jejuni peb3 gene, the PCR product (-1.2 kb) was 
sequenced. The obtained translated sequence contained an ORF of 392 amino-acid 
residues with homology to both Rp0BC of W succinogenes and RpoC of C. jejuni. 
This corresponded to domains 3-5 of RpoC. The putative rpoC was located on the 
genome map. Apparently, the primers designed on the basis of C. jejuni peb3 
sequence used in a PCR reaction under the conditions described above amplify part 
of A. butzleri rpoC. Strong evidence confirming this is the fact that there is no 
difference between the hybridization patterns obtained with the rpoB-rpoC-DIG 
probe and those obtained with the "putative A. butzleripeb3 " probe. 
3.4.2 Localization of gene markers using heterologous probes 
Heterologous probes made for C. jejuni peb3, aspA, sodB, galE, wlaH and kpsT were 
PCR amplified using C. jejuni genomic DNA as a template and primers based on 
conserved regions of C. jejuni genes. All of them failed to hybridize to A. butzleri 
DNA under the conditions used for homologous probes. In order to confirm whether 
these genes are not present in A. butzleri genome or if they share low homology with 
the C. jejuni ones the stringency of the hybridization was reduced by lowering the 
hybridization temperature from 62 to 50 °C. Still no specific signals were obtained. 
This may reflect high heterogeneity between homologous genes in the two related 
species or the absence of these genes in A. butzleri genome. DNA alignment analysis 
of homologous genes from both organisms reveals various homology levels (48-
75%) between A. butzleri and C. jejuni DNA. Therefore it could be expected that 
some of these genes are present in A. butzleri genome but the method used is 
inefficient in identifying them. 
To summarize, using one and two dimensional PFGE in combination with 
Southern hybridization the A. butzleri genome size was estimated (-2.57Mb) and a 
genome map was constructed, containing 35 restriction enzyme recognition sites (6 
for Sail, 6 for SacII, 8 for EagI, 10 for X7ioI and 5 for I-CeuI) and 14 gene loci (5 
copies of the genes for 16S rRNA and 23S rRNA; 2 copies of glyA; rpoB and rpoC) 






Sc = SaclI 
[= I-CeuI 
rrs = 16 
IT1 = 23S 
rpoB. rpoC 
givA 
Figure 3.18. Physical and genetic map of Arcobacter buf:leri NCTC 12481. The map contains 35 
restriction enzyme recognition sites and 14 gene markers. The precise positions of the genes for 
the 16S rRNA and 23S rRNA (rrs and rn) are indicated by the callouts. The positions of the 
other gene markers are within the fragments, which are denoted by an arrow. The 
corresponding gene products are as follows: rpoB, RNA polymerase P subunit; rpoC, RNA 
polymerase 'subunit; glyA, serine hydroxymethyltransferase. 
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Chapter 4 ATTEMPT TO IDENTIFY VIRULENCE FACTORS 
OF A. BUTZLERI 12481 
4.1 	Background 
Initially, the idea was to look for presence of A. butzleri virulence factors at 
the gene level by trying to amplify genes which are homologues to genes involved in 
pathogenicity of the closely related C. jejuni. The strategy involved designing 
primers on the basis of conserved regions of C. jejuni genes, PCR amplification 
using A. butzleri DNA as the template, DNA sequencing of the PCR product and 
Southern hybridization to locate the potential virulent genes on the genome map of 
A. butzleri. 
Alternatively, C. jejuni genes were amplified and used as probes in 
heterologous Southern hybridization experiments in order to identify A. butzleri 
homologues of these genes. The anticipated successful detection and identification of 
the targeted genes was to be followed by cloning and further characterization of the 
encoded products, possibly mutagenesis of A. butzleri and investigation of the 
obtained phenotypes in relation to virulence. 
Both variants of this approach failed at the stage of either amplifying the 
correct gene of A. butzleri using C. jejuni primers (in the first variant) or no 
detectable signal of A. butzleri DNA after hybridization with C. jejuni probes (in the 
second variant). As this tactic proved to be unreliable we had to move forward and 
try to detect cell surface molecules exhibiting virulent potential. In particular, we 
tried to investigate the presence of outer membrane proteins which may be involved 
in virulence and also tried to explore the possibility of formation of a polysaccharide 
capsule by A. butzleri which plays a role in survival and immune evasion in several 
bacterial pathogens (Roberts, 1996). 
This chapter justifies the choice of the targeted virulence genes and cell 
surface molecules, describes the strategy, the difficulties and ambiguities in detecting 
and identifying potential A. butzleri virulent determinants and reveals some 
intriguing start points towards deciphering A. butzleri pathogenicity. 
4.2 	Searching for A. butzieri genes involved in pathogenicity 
Several genes of C. jejuni with a role in pathogenicity were selected as a 
means to detect their possible homologues in A. butzleri. These were cdtB, flaAIB, 
peb3 and pglB. 
CdB 
CdtB is part of a three-gene operon (cdtABC) which encodes a holotoxin 
called CDT - cytolethal distending toxin (Pickett and Whitehouse, 1999). CDT is 
produced by a diverse group of bacterial pathogens including Campylobacter spp. 
CDT cytotoxicity is caused by a irreversible block in the G2 phase of the cell cycle 
of the host cell through blocking of the CDC2 kinase involved in entry into mitosis 
(Whitehouse et al., 1998). C. jejuni cdt isogenic mutants exhibit complete loss of 
CDT activity (Purdy et al., 2000) and the same authors also showed that C. jejuni 
cdtB mutants demonstrate impaired invasiveness into blood, spleen and liver tissues. 
So, as there was not a proven evidence for the presence or absence of A. butzleri cdt 
we decided to address this question. Previously described (Pickett et al., 1996) 
degenerate primers for the cdtB conserved regions of Campylobacter spp and E. coil 
were used to try to amplify the A. butzleri cdtB homologous gene. Annealing 
temperature gradient PCR was performed and the results are shown in Fig. 4.1. 
1.5 kb—. 
I kb 
500 bp - 
annealing to gradient 330 . 48° C 	annealing to gradient 330 . 48° C 
Figure 4.1. Annealing temperature gradient PCR results. Using degenerate primers (Pickett el 
al., 1996), A. buizieri DNA was not amplified specifically under the conditions used. For C. jejuni 
the expected product (497 bp) was amplified under the same conditions. 
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The PCR results (Fig. 4.1) revealed very weak non-specific amplification of 
A. butzleri DNA at lower annealing temperatures (below 40 °C) and no amplification 
at all at annealing temperatures above 40 °C. In contrast, in the case of C. jejuni the 
specificity of amplification increased with annealing temperatures above 40 °C 
resulting in only one specific band (497 bp) which is the expected PCR product for 
cdtB of C. jejuni. 
F1aA/B 
F1aA and flaB (flaA/B) are adjacent genes in C. jejuni genome which show a 
very high degree of sequence identity (95%) (Guerry P, 1990). They encode flagellin 
subunits which build up the flagellum of C. jejuni. C. jejuni flagellum is an essential 
virulence factor as it enables the bacterial cells to move into the mucus layer 
covering the intestinal cells thus facilitating the colonization of the intestine. As the 
motility of A. butzleri is also conferred by a polar flagellum it was interesting to 
explore the genetic aspect of this property. Therefore a primer couple based on 
conserved regions of both genes (flaA andflaB) was designed and PCR under 
various conditions was performed. The annealing temperature gradient PCR results 




annealing to gradient 330 - 48° C 	annealing to gradient 330 - 480 c 
Figure 4.2. Annealing temperature gradient PCR results showing the amplification of A. buizieri 
and C. jejuni DNA using primers for FIaA/B genes designed on the basis of conserved regions of 
these genes for C. jejuni. A. buizieri DNA was amplified at temperatures lower than 40 °C and a 
few non-specific products were obtained. The A. buizieri PCR product of about 1 k (indicated 
by the circle) was chosen for further sequencing analysis. 
The expected size offlaA/B of C. jejuni was 1.7 kb and it was amplified 
successfully under all the different annealing temperatures. The primers managed to 
amplify A. butzleri genomic DNA at annealing temperatures lower than - 40 °C 
showing a few non-specific PCR products on the agarose gel (Fig. 4.2). One of the 
fragments, at about the size of I kb was chosen for further analysis as it was the 
closest to the expected product in terms of size. The gel band of I kb was purified 
and subjected to DNA sequencing. The obtained sequence showed homology to the 
gene for Aspartyl-tRNA synthetase of Wolinella succino genes, C. jejuni and 
Helicobacter hepaticus. As experienced previously with other genes, although 
primers were carefully designed on conserved regions of the supposed closely related 
C. jejuni, they failed to amplify the homologue flagellin coding gene in A. butzleri. 
PEB3 
PEB3 is one of the four PEB proteins - outer membrane proteins of C. jejuni 
which are identified and characterized as major antigenic proteins (Pei etal., 1991) 
with PEB3 being suggested as a good candidate for both a Campylobacter vaccine 
and for serological assays for the pathogen. 
As described in chapter 3, primers based on C. jejuni sequence were designed 
and used in PCR with C. jejuni or A. butzleri genomic DNA as the templates. In the 
first case the PCR product (C. jejuni peb3) was labeled and used in heterologous 
hybridization with A. butzleri DNA but failed to give any signal at all even at low 
stringency conditions of hybridization. 
In the second case (where A. butzleri DNA was used as the template) a strong 
band at about 1.2 kb was yielded at an annealing temperature of 50 °C which was 
considered to be the specific product. The putative A. butzleri peb3 was located on 
the genome map by Southern hybridization, but DNA sequencing revealed that it was 
in fact a sequence which shares very high homology with the rpoC of C. jejuni. 
However, it was noticed that when the annealing temperature of the PCR with 
A. butzleri DNA was lowered down to 30 0C, a second band appeared on an agarose 
gel at a size of approximately 600bp. This was relatively close to the expected 
product as the corresponding C. jejuni PCR product was - 670bp. The DNA 
fragment of 600bp was gel purified and sequenced and the translated sequence 
contained an ORF of 200 amino acid residues that showed homology to pglF/wlaL of 
C. jejuni, encoding a putative sugar epimerase, now known to be involved in protein 
glycosylation (Power and Jennings, 2003). Southern hybridization with pg/F-DIG 
probe indicated a single band for each of the Sail 687 kb, EagI 374 kb and )7ioI 235 











Figure 4.3. Genome map of A. bulzieri 12481 showing the position of a gene homologue of C. 
jejuni pg!F. 
In order to confirm that this gene was indeed homologous to pg/F of C. 
jejuni, further experiments were carried out. The putative A.butzleri pg/F was cloned 
into pBluescriptll SK(-), as described in Materials and Methods. Transformants 
containingpg/F gave inserts with a size of 5.5 kb and yielded the expected 600 bp 
fragment after PCR with Camp_PEB3 primers. The entire 5.5 kb segment was 
sequenced using sequential overlapping primers. As the pg/F gene sequence was 
incomplete at the 5' end of the insert, inverse PCR was performed to amplify the 
1.119 
whole gene and the flanking 5' region. The whole putative pg/F was found to encode 
an ORF of 574 amino acid residues and showed very high similarities in BLAST 
searches to WtaT (578 residues), a dTDP glucose 4,6-dehydratase of Franscisella 
tularensis and the Pg1FIW1aL (590 residues) protein of C. jejuni. Pg1F has been 
shown to have a role in the general glycosylation pathway in both Neisseria 
meningitidis (Schmidt et al., 2003a) and C. jejuni. In N. meningitidis, the function of 
PgIF has been studied with respect to pilin glycosylation. N-linked glycosylation has 
been shown to be important in adherence of bacteria to epithelial cells, and C. jejuni 
mutants defective in glycosylation have been demonstrated to have impaired 
intestinal colonization (Szymanski et al., 2002). 
For C. jejuni, the locus for N-linked glycosylation is located between galE 
and cheY and adjacent to the genes for lipo-oligosaccharide biosynthesis (Power and 
Jennings, 2003) and is distinct from the locus involved in 0-glycosylation of flagella 
proteins. The pg1 (protein gjycosylation) gene locus in C. jejuni is shown in Fig. 4.4. 
G pglF  E D C A pg!B J I H wiaB galE 
<~ OW ~~ ~ ~ ~7 ~~ <~ I <t <~:] <~7 
Figure 4.4. Schematic representation of the N-linked glycosylation gene locus in C. jejuni. 
Adapted from (Karlyshev et al., 2005b) 
Wolinella succinogenes, a commensal of the bovine rumen, is considered to 
be nonpathogenic but has a glycosylation gene cluster and the order of the genes in 
this cluster is mostly (10/13) the same as that found for C. jejuni, but there are also 
additional genes inserted (Baar etal., 2003). 
Sequencing of the region around pg/F in A. butzleri did not reveal the same 
gene order as that found in C. jejuni. The putative gene products in this region of the 
A. butzleri genome were found to be as follows: dTDP-4-dehydrorhamnose 3,5-
epimerase, Pg1F, hypothetical periplasmic protein, ATP dependent DNA ligase, 
adenine transferase, tryptophan synthase [3 chain, putative integral membrane protein, 
and aminopeptidase. 






adenine 	 Trp- 	 membrane 	amino- 
transferase synthase protein peptidase  
Figure 4.5. Representation of the gene order in the region surrounding pglF in A. buizieri. 
Clearly the gene order is different from the one in C. jejuni pgl locus (see Fig. 4). 
The key enzyme in the pg/ gene locus in C. jejuni is pg/B (see Fig. 4.4). The 
C. jejuni PgIB is the first example of a bacterial N-linked 
oligosaccharidyltransferase. PgIB homologues are found in several eukaryotic and 
archaeal species and they all have a conserved C-terminal catalytic domain 
(WWDYG). As pg/B appears to be the only protein necessary for the transfer of the 
glycan to the protein which is glycosylated in C. jejuni, it seemed logical that if A. 
butzleri possesses such a system for N-linked glycosylation it may have a pg/B 
homologue even if it is in a different genome location compared to the one in C. 
jejuni. 
In order to try to amplify a homologue of A. butz/eri pg/B, degenerate primers 
were designed for the conserved regions of the C. jejuni, W succinogenes, human 
and yeast pg/B homologues. Again, a specific product was not obtained under 
various PCR conditions. Results are shown on Fig. 4.6. It is clear from the image that 
the primers are amplifying the expected C. jej uni pg/B gene (900bp) in specific 
manner at all the different temperatures tested with no additional fragments, but 





- C. jejuni 
temperature gradient (35 ° - 50°C) 
Figure 4.6. Temperature gradient PCR results from amplification of A. butzleri and C. jejuni 
DNA using degenerate primers based on conserved regions of the pglB gene. Clearly the primer 
couple failed to amplify any specific product of A. but:leri under the conditions used. For C. 
jejuni the correct amplicon was obtained throughout the whole gradient. M = lOObp DNA 
ladder. 
The lack of evidence for pglB or other pgl genes around the region of pglF 
did not reveal an obvious place of A. butzleripglF in a protein glycosylation cluster 
in the same pattern as in C. jejuni, but at the same time did not completely exclude a 
glycosylation potential of A. butzleri possibly involving different mechanisms. This 
logic led us to the idea of trying to detect protein glycosylation of A. butzleri on a 
different level, i.e. to isolate and identify glycosylated proteins. 
4.3 	Analysis of A. butzleri outer membrane proteins 
Protein glycosylation is a post-translational modification which is considered 
to occur in the periplasmic compartment of the cell envelope in the case of C. jejuni. 
This model has been backed up by the fact that the majority of the discovered 
glycoproteins of C. jejuni are annotated as periplasmic proteins (Young et al., 2002) 
In order to explore the possibility of presence of glycosylated proteins in A. 
butzleri two different methods for extraction of cell surface proteins were used - 
glycine acid extraction and sarkosyl extraction. Then these extracts were analyzed by 
SDS-PAGE followed by Coomassie blue stain or Glycopro® stain using 
Glycoprotein Detection Kit. The results from the protein extractions and the 
glycoprotein detection are demonstrated on Fig. 4.7. 
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Figure 4.7. A. butzleri protein extracts (Lane I - Sarkosyl extract of the outer membrane 
proteins; Lane 2 - Glycine acid extract) analysed by SDS PAGE followed by Cooniassie blue 
stain (A) or Glycoprotein stain (B). M = prestained protein marker (kDa). The white arrows 
indicate the proteins which were chosen for further analysis. The black arrow indicates the 
protein band which gave a positive signal for glycosylation, demonstrated with the Glycopro® 
kit for glycosylated protein detection. 
As illustrated in Fig. 4.7A both protein extractions of A. butzleri cell surface 
proteins showed specific band profiles consisting of a distinct and limited number of 
major abundant proteins (3 for the sarkosyl extract and I for the glycine acid extract) 
indicated by the white arrows (Fig. 4.7A). When the proteins from both extractions 
were tested for glycosylation one band gave positive signal and that was the protein 
band at the size of about 45 kDa from the sarkosyl extract (Fig. 4.713). 
It was interesting to try to identify these major surface proteins of A. butzleri, 
therefore the indicated protein bands were subjected to further analysis by MALDI-
TOF mass spectrometry or LC-MS. The mass spectra were obtained and BLAST 
searches were performed. The results revealed no significant homology to any of the 
proteins available in the data bases (the searches were performed in late 2004-early 
2005). As a supplementary approach, in order to detect the genes encoding for the 
proteins by reverse genetics, N-terminal amino acid sequencing of selected peptides 
was performed. N-terminal amino acid sequencing was done on three peptides of the 
major glycine acid extract protein which was named 0MP35 (Fig. 4.7A, lane 2, 
indicated by an arrow). The sequences which were obtained are listed in Table 4.1. 
- Sequence I Sequence 2 Sequence 3 
IL/T/A T A 
2L/Q N I 
3T/A A D 
4 Q N T 
5 U A/G A 
6 1/N S/Q I 
7N T S 
8N/Q E/G I 
9G/I G L 
10 t/E/S N C 
II  C/R 
12  N/F 
13  G/W 
H  L/Q 
Table 4.1. N-terminal amino acid sequences of three selected peptides of the 0MP35 protein. 
The first two, out of the three, sequences contained too many ambiguous 
amino acid residues. Sequence 3, although looking quite reliable for the first 10 




Ala) I(Ile) T(Thr) S(Ser) L(L 
Genetic code 4 	3 	4 	6 	6 
Therefore, unfortunately, the three N-terminal amino acid sequences from 
peptides ofOMP35 were unsuitable for designing degenerate DNA primers or 
probes. So, due to the lack of an annotated genome sequence at that time, the 
extracted outer membrane proteins of A. butzleri remained unidentified. 
As mentioned before, all the work described in this thesis has been performed 
and completed before any A. butzleri genome sequence information to be available. 
Recently (Ho et al., 2006) it has become known that a genome sequencing project is 
being undertaken and the publication of the complete nucleotide sequence of the A. 
butzleri genome is awaited. However, during the time of the writing up of this thesis 
we have been given confidentially a preliminary genome sequence by William Miller 
(Agricultural Research Service, US Department of Agriculture, Albany, CA 94710, 
USA) and we were able to continue the identification analysis of the outer membrane 
proteins. The following section (4.4) contains information which should remain 
confidential until the official publication of the genome sequence of A. butzleri. 
4.4 	Deciphering the identity of three outer membrane proteins of A. butzleri 
using genome sequence data provided by William Miller 
The translated genomic DNA sequence was used to create an A. butzleri 
database which was used to perform BLAST searches of the outer membrane 
proteins against. The analyzed proteins were the three major bands from the sarkosyl 
extraction of the outer membrane which were initially named S, L and M and the 
major protein band from the acid glycine extraction - named 0MP35 as shown on 
Fig. 4.8. 
Figure 4.8. Outer membrane proteins of A. buizieri analyzed by MALDI-TOF and LC-MS mass 
spectrometry and identified by comparing the obtained spectra with the translated A. butzleri 
genome sequence. 
The proteins were identified by peptide mass fingerprinting and A. butzleri 
genome database searching. The protein band named L was identified as AB202 1, M 
was identified as AB2244 and S was identified as AB0483 from the A. butzleri 
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M 	 SK 	 TAIAKDITK 
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membrane LED VDGKGNFS 
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(AB0483) 	 binding 	NTLLYT\' GLSVPFGEVSKPAPVAEKPAPVATPVAAPK AK 	 V 
protein IKDSYNSRINEFAKVMKADPK 




Table 4.2. Summary of the peptide-mass fingerprinting data. 
The major protein band from the glycine acid extract - 0MP35 was identified by 
matching the N-terminal amino acid sequences of three peptides of the 0MP35 (see 
4.3). The three sequences (Table 4.1) which were obtained before we had the 
genome sequence all matched to the AB2244 protein as shown in color below: 
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>AB2 244 
MRINTNVSSLTAQEAAVNTNKN ISTSLEKLSTGLRINKAADDASGLAIADKLRT 	SNGNS 
AVALLQIT3LtEQSTILDTIKSKLIQANTDTTSVAGRTAIAKDITKLLQQLNNIGEQTNYNTNLL 
QNARtTANASTEGNLTAARTALGGLSFQIGEGTQDLIKTKTINsNVAGLKLSALAKAVRSGGKMSAGA 
TAGTTGVI . TAQSGQKAIDTAISILNGYRGDIGSTQNQVESAIRNLTTQATNIKNAESTIRDVDYA 
QESANYNKLNII IAQAGSYAISQANSTQQNVLRLLQ 
So, the major protein band from the glycine acid extract appears to the FlaB 
protein which is also a component of the sarkosyl extract fraction. 
As a result of the combination of mass spectrometry analysis and the 
information from the genome sequence we managed to identify three outer 
membrane proteins of A. butzleri: PorA, FlaB and CadF. Timewise, the identification 
was performed after all the rest of the work described in this thesis was completed. 
Therefore the results described in this section (4.4) do not affect the results explained 
in the other result chapters. 
4.5 	Does A. buizieri synthesize a polysaccharide capsule? 
The next potential A. butzleri virulence factor which we were interested to 
explore was the polysaccharide capsule. Capsular polysaccharides (CPS) are found 
on the surface of many bacterial species. CPS are known to have a role in bacterial 
survival and often contribute to pathogenicity (Roberts, 1996). Due to their structural 
variation and ability to mimic host cell antigens, bacterial CPS play role in evasion of 
host immune responses (Karlyshev et al., 2005a). It has been revealed that a mutant 
of a C. jejuni strain lacking ability to produce CPS shows reduced attachment and 
invasion ability in experiments with 1NT407 cell line (Bacon et al., 2001). 
4.5.1 	A. butzleri capsular polysaccharide extraction and visualization 
by Alcian blue staining 
To investigate the possible formation of a polysaccharide capsule by A. 
butzleri, we first analyzed protein-free heat extract of A. butzleri by SDS-PAGE 
followed by Alcian blue staining. Alcian blue has been used previously for staining 
capsules of several bacterial species. It is known to be a cationic dye with strong 
affinity to acidic polysaccharides. The result of the Alcian blue staining of A. butzleri 











fraction — 6.5 kDa 
Figure 4.9. Alcian blue staining of A. butzleri protein-free heat extract following SDS-PAGE 
(lane!). The gel reveals two major fractions at distinctive relative molecular weight (MW) 
positions compared to the protein marker (Iane2): one at the level of 20 kDa and one at about 
6.5 kDa. 
The figure shows two distinctive fractions of polysaccharides at relative 
molecular weight position of 20 kDa and 6.5 kDa. 
It is now known that CPS of C. jejuni are considered to be the high molecular 
weight fraction of Alcian blue stained protein-free extract (Karlyshev and Wren, 
2001) as opposed to the lipooligosaccharide fraction (lower molecular weight 
fraction). Therefore, our observation possibly reveals a first preliminary evidence for 
the presence of capsular polysaccharides produced by A. butzleri. 
4.5.2 Calcofluor binding assay 
Additionally, in order to study the capsular polysaccharide material further, 
an experiment using Calcofluor white, a fluorescent stain used for staining capsule 
and extracellular polysaccharides, was performed. Calcofluor white has been used 
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for screening of extracellular polysaccharide mutants of Rhizobium meliloti (Leigh et 
al., 1985). When Calcofluor white is incorporated in the agar medium of a bacterium 
producing Calcofluor binding exopolysaccharides, this results in fluorescing colonies 
examined under long-wave UV light. Calcofluor binding assay was performed for A. 







Figure 4.10.4. hutzleri growing on plates with Calcofluor white (+CW) or without Calcofluor 
white (-CW). Calcofluor binding exopolysaccharides (EPS) of A. but:leri can be detected as 
fluorescing colonies under UV light on plates containing Calcofluor white. No fluorescence of 
the colonies was observed under UV light on plates without Calcofluor white. The positive 
control is Sinorhizobium nielilori strain Rml021which naturally produces Calcofluor binding 
EPS, and the negative control is a non-EPS producing mutant of the same strain (Rni1021). 
Fig. 4.10 shows colonies of A. butzleri fluorescing under UV light in the 
presence of Calcofluor white in the medium and demonstrates the ability of A. 
butzleri to produce extracellular polysaccharides (potentially capsular 





4.5.3 Detection of A. butzleri polysaccharide capsule by electron 
microscopy 
In order to obtain more evidence and to visualize the formation of a 
polysaccharide capsule in the context of A. butzleri cells, transmission electron 
microscopy (TEM) was the next tool to be used. Here, Alcian blue was used again as 
a capsule staining and stabilizing agent, as previously described (Karlyshev et al., 
2001). A. butzleri cells non-treated with Alcian blue were used in parallel as negative 
control. The results from the transmission electron microscopy are demonstrated on 
Fig. 4.11. The image on the left-hand side of the Fig. 4.11 clearly shows an electron 
dense material surrounding A. butzleri cells which is not visible on the image where 
Alcian blue is not present (right-hand side). 
Alcian blue 	 Non-stabilised 
stabilised capsule 	 capsule 
Figure 4.11. Transmission electron micrographs of A. buizieri capsule stained and stabilized 
with Alcian blue (left-hand side) or non-stabilized capsule of A. butzleri as negative control 
(right-hand side). The arrows indicate the electron dense material surrounding A. buizieri cells 
(potential polysaccharide capsule). The bars represent 1.tm. 
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To summarize, in the attempt to search A. butzleri genome for genes involved 
in pathogenicity, C. jejuni virulence genes were used for PCR primers and DNA 
probes. None of the gene targets were detected in A. butzleri with the methods used. 
An indirect evidence for N-linked protein glycosylation in A. butzleri (the 
pg/F gene), was discovered. Protein glycosylation is shown to play role in the 
pathogenicity of C. jejuni and pg/F is part of the C. jejuni N-linked protein 
glycosylation gene cluster. The genes surrounding pglF in A. butzleri did not 
demonstrate the same order as in C. jejuni. Nevertheless, the possibility of protein 
glycosylation in A. butzleri (perhaps involving different mechanisms) remains valid, 
since glycosylated protein(s) of A. butzleri were detected in an outer membrane 
protein extract. 
Preliminary data was obtained for capsular polysaccharide material produced 
by A. butzleri and a polysaccharide capsule was detected on the surface of A. butzleri 
cells. 
Chapter 5 ATTACHMENT AND INVASION OF CACO-2 CELLS 
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5.1 	Background 
As part of the investigation to answer the question whether A. buizieri is a 
pathogen or not, a few initial steps were made: the genome was analyzed and 
mapped, preliminary evidence for cell surface structures (glycosylated proteins and 
polysaccharide capsule) was obtained. 
The next step was to take the investigation of A. butzleri potential virulence 
to a different level and explore the behavior when the bacterium is in contact with 
epithelial cultured cells. For this purpose A. butzleri was tested for the ability to 
attach and to invade colon epithelial cells (Caco-2 cells) in infection experiments. 
Caco-2 cells have been established as a model system to explore the attachment and 
invasion properties of Campylobacter spp (Everest et al., 1992). The method 
proposed by the authors is outlined below (Fig. 5.2) and was used in this study to 
characterize the potential of A. butzleri for attachment and invasion of Caco-2 cells 
in vitro. 
5.2 	Visualization of A. butzleri attachment to Caco-2 cells 
The ability of many pathogenic bacteria to attach to the host cells is an 
important virulence factor as it provides mechanical protection from fluid flow and 
furthermore attachment is necessary requirement for entry into the host cells (Isberg 
and Van Nhieu, 1995). The ability of C. jejuni to bind to epithelial cells has been 
proposed to be essential for the disease mechanism (Konkel et al., 1997). 
To explore the ability of A. butzleri to attach to epithelial cells in vitro, 
bacteria from an overnight culture were used to infect monolayers of Caco-2 cells. 
Images of attached A. butzleri on the surface of Caco-2 cells were obtained after 3 
hours of incubation followed by Giemsa staining and visualization under a 
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Figure 5.1. Attachment of A. buizieri to Caco-2 epithelial cells after 3 hours of incubation 
followed by Giemsa staining. A. buizieri cells are indicated with the arrows. 
The micrograph clearly shows that A. butzleri remains attached to the surface 
of the epithelial cells after the extensive washes which were performed before the 
staining. 
5.3 	Attachment and invasion of Caco-2 cells by A. buizieri 
After obtaining initial evidence that A. butzleri attaches to Caco-2 cells, the 
next approach was to study its ability to invade the epithelial cells. To begin with, a 
time course analysis of A. butzleri invasion was performed. Caco-2 cells (:106  cells) 
were infected with 108  cells of A. butzleri for one, two or three hours. 
Secondly, a combined attachment/invasion experiment was performed in 
order to enumerate the attached and internalized A. butzleri cells after three hours of 
infection. This involved a method outlined in Fig. 5.2. 
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Figure 5.2. Principal of the method used to measure the attachment and invasion of Caco-2 cells by A. butzierL Bacterial and epithelial cells are mixed 
together so that attachment and invasion can occur. After the incubation period, gentamicin is added to half of the samples to kill the bacterial cells 
which are outside the epithelial cells (extracellular bacteria). Then samples are subjected to extensive washes to ensure that only attached and/or 
internalized bacteria will remain. This is followed by lysis of the epithelial cells and enumeration of the bacterial cells by plating out the lysate on 
appropriate medium. Half of the samples (with gentamicin added) will represent the number of internalized bacteria only. The other half of the 
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The results from the analysis of A. butzleri invasion of Caco-2 cells over time 
are demonstrated in Fig. 5.3. 
A. butzleri invasion - time course 
Figure 5.3. In vitro analysis of A. butzleri invasion of Caco-2 cells over time. The values represent 
the mean of six replicates and the error bars are the standard deviation of the mean. 
The presented data suggests that A. butzleri invades Caco-2 cells in a gradual, 
time-dependent manner. After three hours of infection the number of the internalized 
bacteria was 2 x 105  A. butzleri cells per I x 106  Caco-2 cells. 
The combined attachment/invasion experiment allowed the estimation of the 
number of A. butzleri cells which are firmly attached to the surface of Caco-2 cells 
after three hours of infection. The results showed that the number of the attached A. 
butzleri to Caco-2 cells was 3 x 106  and confirmed the number of the internalized 
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Figure 5.4. In vitro analysis of A. buizieri attachment and invasion of epithelial cells. The values 
represent the mean of three replicates and the error bars are the standard deviation of the 
mean. 
The gathered data demonstrates the ability of A. butzleri to attach to and to 
invade epithelial host cells in vitro. 
5.4. 	Looking for molecules mediating the bacterial-host cell interaction 
The initial insight into A. butzleri interaction with epithelial cells revealed 
attachment and invasion properties. To understand this better it was interesting to 
find out whether A. butzleri produces surface molecules which might be responsible 
for the adhesion to the epithelial cells. It is known that C. jejuni produces several 
surface exposed molecules which serve as adhesins and mediate the attachment to 
the host cells. Among them are CadF (Campylobacter adhesion to fibronectin), J1pA 
(jejuni lipoprotein A), LOS (lipooligosaccharide), MOMP (major outer membrane 
protein) and the polysaccharide capsule. CadF is an outer membrane protein 
promoting the binding of C. jejuni to the eukaryotic cells via fibronectin an 
extracellular matrix component. It is also found that many pathogenic bacteria 
possess the ability to bind to fibronectin (Konkel et al., 1997). 
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To find out if A. butzleri also has the ability to bind to fibronectin, the 
following strategy was undertaken. To allow binding to occur, A. butzleri cells were 
incubated with fibronectin in the wells of ELISA plates. The amount of bacterial-
bound fibronectin was evaluated by immunodetection of fibronectin with anti-
fibronectin antibody. The procedure is briefly outlined in Fig. 5.5. 
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Figure 5.5. Binding of A. buizieri to fibronectin. A. butzieri cells were used to coat the wells of 
ELISA plates and incubated with fibronectin, followed by detection of the bound fibronectin 
with anti-fibronectin antibody and a secondary antibody conjugated with horseradish 
peroidase (HRP). Following an incubation with the substrate for HRP, the binding was 
quantified by colorimetric analysis at 492nm. Wells coated with C. jejuni or BSA were treated 
the same way and used as positive and negative controls, respectively. 
The colorimetric analysis of the fibronectin-binding ELISA experiment 
performed with A. butzleri, C. jejuni or BSA coated plates revealed values which are 
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Figure 5.6. Binding of A. buizieri to fibronectin. Binding of fibronectin to C. jejuni or BSA 
coated wells was used as positive and negative control, respectively. The values represent the 
mean of 24 replicates and the error bars are the standard deviation of the mean. 
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The results shown in Fig. 5.6 suggest an ability of A. but7'leri to bind to 
fibronectin, illustrated by an average value of A 492 = 0.131 which is significant 
compared to the maximum negative value (A 4 92 = 0.087) calculated by three times 
the standard deviation added to the mean of the negative control (BSA)value. 
After the initial finding that, although not as strong as C. jejuni, but A. 
butzleri binds to fibronectin, it was important to try to understand how this binding is 
mediated. In order to identify the A. butzleri molecule(s) which possibly interact with 
fibronectin, different A. butzleri protein extracts (sarkosyl outer membrane protein 
extract, glycine acid extract, whole cell protein extract) were analyzed by Western 
blotting. The proteins were run on SDS-PAGE gels, blotted onto nitrocellulose 
membranes and incubated with fibronectin. Then the bound fibronectin was detected 
using anti -fibronectin antibody, followed by secondary antibody conjugated with 
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Figure 5.7. Western blotting analysis of fibronectin binding to A. but-Jeri outer membrane 
proteins (OMP) and whole cell lysate. M=Prestained protein marker. 
Lane 1: Sarkosyl OMP extract; 
Lane 2: Glycine acid extract; 
Lane 3: A. butzkri whole cell lysate; 
Lane 4: C. jejuni whole cell lysate; 
Lane 5: Fibronectin (Fn). 
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The results shown in Fig. 5.7 represent an attempt to detect the protein(s) 
which is (are) mediating the binding of A. butzleri to fibronectin among different A. 
butzleri protein extracts. None of the protein bands from the A. butzleri sarkosyl 
OMP extract, the glycine acid extract or the whole cell protein extracts gave signal 
after detection for bound fibronectin. Interestingly, although previously reported to 
be detected in SIDS-PAGE/western blotting experiments (Konkel et al., 1997), the C. 
jejuni protein responsible for binding to fibronectin (CadF) was not detected, either. 
The only band detected on the membrane was the fibronectin which was a control 
ensuring the specificity of the antibody detection of fibronectin. 
As no protein was identified to bind to fibronectin by Western blotting, it was 
decided to look directly whether A. butzleri has a gene homologue of the C. jejuni 
cadF. For the purpose, the CadF protein sequences of C. jejuni and W. succinogenes 
were aligned and conserved consensus regions were chosen for designing degenerate 
primers. The forward primer was designed on the basis of the following amino acid 
sequence: F E I T P T and the reverse primer sequence was based on the amino acid 
sequence: N R R V D A, both indicated by the blue square on Fig. 5.8. 
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Figure 5.8. Amino acid sequence alignment of C. jejuni and W. succinogenes CadF. The 
sequences chosen for designing degenerate DNA primers are indicated by blue squares. 
The final primers designed were: 
CadF_deg_Forward: 5'-T(AIT)T GA(A/G) AT(C/T) ACT CC(AIG) AC(A/T)-3' 






The above primer couple was used in annealing temperature gradient PCR 
using A. butzleri, C. jejuni or W. succinogenes DNA as templates. The annealing 
temperature was varied from 40 °C to 55 °C. The results from the experiment are 
illustrated in Fig. 5.9. 
Figure 5.9. Results from annealing temperature gradient PCR performed with A. buizieri, C 
jejuni or W. succinogenes DNA as template and degenerate primers for cadF. 
Lanes 1-12: PCR with A. butzleri DNA; 
Lanes 13-18: PCR with C. jejuni DNA; 
Lanes 19-30: PCR with W. succinogenes DNA. The annealing temperature for each set of PCR 
reactions was ranging from 40 °C to 55 °C. 
The image on Fig. 5.9 illustrates the lack of amplification of A. butzleri DNA 
with the degenerate cadF primers at the annealing temperatures used. The control 
PCR reactions with C. jejuni and W. succinogenes as the template show specific 
amplification of the expected product (- 900bp) with the degenerate primers under 
the same conditions. So, a PCR product for a potential A. butzleri cadF homologue 
was not obtained using the degenerate primers based on the conserved amino acid 
regions of the C. jejuni and W. succinogenes CadF gene. 
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To recapitulate, A. butzleri has been found to attach and to invade epithelial 
cells (Caco-2) in vitro. As a component of the extracellular matrix of the epithelial 
cells fibronectin provides binding places for many pathogens. Fibronectin was used 
as a target to find potential adhesins of A. butzleri which mediate the attachment to 
the epithelial cells via fibronectin. Although in an ELISA assay whole A. buizieri 
cells showed ability to bind to fibronectin, the exact fibronectin-binding molecule 
could not be detected and identified on a Western blot. Alternatively, we tried to 
amplify an A. butzleri homologue of cadF (encoding fibronectin- binding protein in 
C. jejuni) by using degenerate DNA primers and annealing temperature gradient 
PCR. The degenerate primers could not amplify A. butzleri DNA under the 
conditions used. 
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Chapter 6 ATTEMPT TO DEVELOP A TOOL FOR A. BUTZLERI 
TRANSFORMATION 
6.1 	Background 
The knowledge of A. butzleri pathogenicity and virulence is still limited. It is 
not clear if and how A. butzleri causes the health problems the species is associated 
with. So far, genetic tools for transformation or construction of mutants have not 
been developed for A. butzleri. However, evidence for outer membrane proteins and 
the formation of a polysaccharide capsule, potentially involved in virulence has been 
demonstrated. An ability of A. butzleri to attach to and to invade epithelial cells in 
vitro has also been shown in this study. In order to understand the genetic and 
molecular mechanisms possibly involved in A. butzleri virulence better, further direct 
evidence need to be obtained. Therefore it would be useful to be able to introduce 
and to express exogenous genetic material into A. butzleri. A procedure for genetic 
modification of A. butzleri followed by screening for mutants lacking potential 
virulence factors or abilities could be an efficient tool to study this poorly understood 
microorganism. 
This chapter describes our attempts to test the ability of A. butzleri to uptake 
and to maintain exogenous plasmid DNA as well as to express the selection marker 
gene. This was done by using a broad-host-range plasmid and a C. jejuni - 
Escherichia coli shuttle vector which were imported into A. butzleri by various ways. 
Also, an initial attempt to develop a method for insertional mutagenesis of A. butzleri 
is described. A vector delivering Himarl transposon carrying the kanamycin 
resistance gene aph3 'type III was constructed and different methods for entry of the 
vector into A. butzleri were experimented. 
6.1. 	Transformation of A. butzleri using a broad-host-range plasmid 
In order to establish a tool for genetic transformation for A. butzleri, it was 
necessary first to test the ability of the bacterium to accept and maintain foreign 
DNA and to express exogenous selection marker genes. For this purpose it was 
sensible to use a broad-host-range plasmid carrying an appropriate antibiotic 
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selection gene. A pBBR1 MCS-type cloning vector seemed suitable considering their 
use for a wide range of Gram-negative bacteria (Kovach et al., 1995). The plasmid 
used in the experiments with A. butzleri was pBBR1MCS-5 which is 4.7 kb and 
carries the gentamicin antibiotic selection gene. The schematic structure of the 
plasmid is shown in Fig. 6.1. 
Figure 6.1. Broad-host-range cloning vector pBBRIMCS-5 carrying gentamicin resistance gene 
(GmR). The plasmid was electroporated into A. buizieri in order to test the ability of A. buizieri 
to accept and maintain foreign DNA and to express exogenous selection marker genes. 
The broad-host-range cloning vector pBBRIMCS-5 was introduced into A. 
butzleri by electroporation. The conditions under which the electroporation was 
performed (25p.F, 200Q and 2.5 kV, see Materials and Methods 2.17) have been used 
for many other Gram-negative bacteria including C. jejuni (Karlyshev and Wren, 
2005). Although varying the recovery time (from I to 24 hours) in non-antibiotic 
broth following the electroporation, we were unable to obtain gentamicin resistant A. 
butzleri colonies on the selection medium afterwards. Varying the electroporation 
conditions did not result in A. butzleri transformants, either. Changing other 
parameters like the amount of plasmid DNA and the method for preparing A. butzleri 
electrocompetent cells (using 10% glycerol or sterile distilled water for the washing 
steps) also failed to improve the results. 
The observed lack of transformation of A. butzleri with the broad-host-range 
plasmid by electroporation did not indicate the reason for this result. The failure to 
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transform A. butzleri could be at the stage of entry or replication of the plasmid or at 
the stage of expression of the selective marker gene. As we possess no information 
on A. butzleri - specific origin of replication or promoters, in order to try to overcome 
any of the above possibilities for failure in transformation, we decided to use a vector 
designed for C. jejuni based on the presumption that both species may have similar 
genetic characteristics. The chosen vector for the purpose was the shuttle vector 
pWM1007. 
6.2. Transformation of A. butzleri using the shuttle vector pWM1007 
It is known that commonly used vectors designed for E. coil and other 
bacteria cannot be maintained in Campylobacter cells because the origin of 
replication and the antibiotic resistance genes present on these plasmids do not 
function in Campyiobacter. After the first unsuccessful attempt to transform A. 
butzieri with a broad-host-range plasmid, in order to overcome the possible species-
specific requirements, it seemed logical to use a plasmid which contains Arcobacter 
- derived origin of replication and antibiotic resistance gene. Unfortunately at the 
time no such construct was available and the closest which could be used was a 
Campyiobacter - based vector. Shuttle vectors that function in C. jejuni have been 
constructed (Miller et al., 2000). These vectors contain a Campyiobacter- derived 
antibiotic resistance gene and two replication regions, the E. coil replicon and the 
replication region from a Campylobacter coil plasmid (Trieu-Cuot et al., 1985), 
allowing these vectors to be maintained in both C. jejuni and E. coil. 
The shuttle vector pWM 1007 (Miller et al., 2000) contains a Campylobacter 
origin of replication, the repB and mob genes necessary for replication and 
mobilization in C. jejunl, a Campyiobacter-derived kanamycin resistance gene 
aph3'typelll, and the CoIEI origin of replication from pBR322. A schematic map of 
the plasmid is illustrated in Fig. 6.2. 
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Figure 6.2. Map of shuttle vector pWM1007. The plasmid contains a Campylobacter kanamycin 
resistance gene (aph3' typell!) and the mob and repB genes required for replication in 
Campylobacter. Additionally, the plasmid contains a Campylobacter origin of replication and the 
pBR322 ColE 1 origin of replication. 
The shuttle plasmid pWM 1007 was electroporated into electrocompetent A. 
butzleri and C. jejuni under the conditions described above. The scheme for varying 
the electroporation conditions and other parameters, as followed with the broad-host-
range plasmid, was applied with pWM 1007 but nevertheless in our hands the 
plasmid could transform neither A. butzleri nor C. jejuni by electroporation. 
Alternatively, the shuttle vector pWM 1007 was mobilized into A. butzleri by 
triparental mating using E. co/i DH5 alpha as a donor strain and E. co/i MM294A 
(pRK20I3) as the helper strain. This method did not yield kanamycin resistant A. 
butzleri transformants, either. 
The attempt to transform A. butzleri with a vector which was meant to be 
maintained in A. butzleri by replicating and expressing the antibiotic selection 
marker was unsuccessful when using a plasmid containing a Campylobacter-derived 
origin of replication and kanamycin resistance gene. The observed result was 
reproducible regardless of the number of experiments and the method of the 
introduction of the plasmid into A. butzleri. 
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6.3. Attempt for random insertion of Himar 1 transposon into A. butzleri 
genome using pSC189 
The strategy for genetic transformation of A. butzleri developed into an idea 
to try to genetically modify A. butzleri by insertional mutagenesis. 
Transposable genetic elements (transposons) that can insert randomly into 
genomic DNA have been widely used as molecular biology tools for prokaryotes and 
eukaryotes. Transposons of the mariner family do not require species-specific host 
factors for efficient transposition; therefore in this study a plasmid vector pSC 189, 
delivering Himarl mariner transposable element was tested. 
The plasmid pSC 189 contains a conditional R6K origin of replication 
(oriR6K) and a Tn5 - derived kanamycin resistance gene (aph3' type 11) within the 
transposon. The presence of the oriR6K greatly facilitates the subsequent recovery of 
sequences flanking an insertion. It is the only origin of replication present on the 
delivery plasmid, reducing the chance of residual plasmid to be retained after 
transposition. The delivery plasmid can be mobilized via RP4-mediated transfer, and 
it carries the hyperactive C9 transposase (Lampe et al., 1999). The plasmid map is 







(aph 3' type II) 
Figure 6.3. Schematic structure of the Himarl mariner transposon delivery plasmid pSCI89. 
The Himarl transposon (TnSCI89) contains a conditional R6K origin of replication (oriR6K) 
and a selectable kanamycin marker (aph3' type H). The plasmid vector can be mobilized via 
RP4-mediated transfer, and it also carries the hyperactive C9 transposase. 
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Following entry into the host cell, the Himarl delivery plasmid expresses its 
hyperactive transposase which results in the transposition of the transposon into the 
genomic DNA at random location. The only DNA sequence required for the insertion 
of the transposon has been found to be TA dinucleotide (Hayes, 2003b). Since the 
vector contains a conditional origin of replication R6K which is within the 
transposon region, it will not be maintained without the presence of the required for 
the replication it protein. Additionally, the transposase is situated on the vector 
outside of the transposon region. Therefore the kanamycin resistant A. butz/eri 
colonies obtained eventually after transformation should result from transposition 
events of the Hirnarl transposon, carrying the kanamycin resistance gene, into A. 
butzleri genome, without subsequent transposase-mediated events. 
The Hi,narl delivery plasmid pSC 189 has been used for random insertional 
mutagenesis of various microbial genomes (Bourhy et al., 2005; Komeili et al., 
2004; Letoffe et al., 2006; Louvel et al., 2005). Commonly two methods for entry of 
the plasmid have been applied: conjugation using E. co/i SMI 0 ?.pir as the donor 
strain or electroporation. In addition to these two we also prepared chemically 
competent A. butzleri cells according to the rubidium chloride method (see Materials 
and Methods 2.18.) following standard procedures and introduced pSC 189 by heat 
shock transformation. 
For conjugation, pSCl 89 was electroporated into E. co/i SMIO Xpir (contains 
all necessary elements required for the replication and the mobilization of the 
plasmid) prior to plate mating with A. butz!eri (see Materials and Methods 2.19.). 
Electroporation of the plasmid pSCI 89 into A. butzleri was performed as 
described before for the other plasmids (the broad-host-range and the shuttle 
vectors). 
The different ways of introducing the Hi,narl transposon delivery plasmid 
are briefly summarized in Fig. 6.4. 
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Figure 6.4. The Himarl transposon delivery vector pSC189 was introduced into A. buizieri via 
three methods: conjugation, electroporation and heat shock transformation. 
In all cases, despite varying different parameters and conditions (for example 
electroporation conditions, incubation times, antibiotic concentrations of the 
selective plates), using freshly prepared or frozen A. butzleri competent cells, all 
attempts to obtain kanamycin resistant A. butzleri insertional mutants failed. 
6.4. Construction of pSCaphHI - a Himarl transposon delivery vector 
carrying aph3'type Ill kanamycin resistance gene 
It is known that the kanamycin resistance in Campylobacter is due to the 
aph3'typelll gene and not due to the aph3'typell gene (Papadopoulou and Courvalin, 
1988). The Himar] transposon delivery plasmid pSC189 carries the aph3'typell 
kanamycin resistance gene and if A. buizieri is similar to Campylobacter and also 
requires the aph3 'typelll gene, then this could be a reason why the insertional 
transposon mutagenesis did not result in kanamicin resistant A. butzleri mutants. 
Therefore it seemed sensible to exchange the kanamycin resistance gene from 
pSC 189 (aph3'typell) with the one from pWMIOO7 (aph3'typelll) and perform the 
mutagenesis experiments with the newly obtained plasmid pSCaphIII again. 
The strategy for the replacement of the genes is briefly outlined in Fig. 6.7 
and described below: the aph3'typelll gene was PCR amplified from the shuttle 
vector pWM1007 using primers which included a PstI and a NcoI recognition 
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sequences at the 5' and the 3' end of the gene, respectively. The PCR product is 





Figure 6.5. The kanamycin resistance gene aph3'typelll was PCR amplified from pWl\i1007 
using primers which introduced PstI and NcoI recognition sites at the 5' and the 3' ends of the 
gene, respectively. The amplified product is 1505bp. M1 kb DNA ladder. 
In addition, the 6982 bp pSC 189 was digested with NcoI and PstI to cut out 
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Figure 6.6. The Himarl transposon delivery plasiiiid pSC189 was digested with PstI and Ncol in 
order to cut out thel004 bp kanamycin resistance gene aph3'typell. The remaining fragment of 
5978 bp was used for ligation with aph3'typelll to create a new vector pSCaphIIL M1kb DNA 
ladder. 
The remaining 5978 bp fragment of pSC 189, after removing the aph3'typell 
was ligated to the PCR amplified aph3'typelll to create the new vector named 
pSCaphIII. The steps of the construction of pSCaphIIl are shown in Fig. 6.7. 
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Figure 6.7. Construction of plasmid pSCaphIII. The existing Himarl delivery plasmid pSCI89 
was modified by cutting out the aph3'typelt Km' gene at the NcoI and PstI sites and replacing it 
with aph3'typelll which was PCR amplified from pWMI007 using primers incorporating Neal 
and Psi] sites at the 3' and the 5' ends of the gene, respectively. The newly constructed Himarl 
delivery plasmid was called pSCaphIIl. 
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The new Himarl delivery plasmid pSCaphIII was electroporated into E. co/i DH5u X 
pir. In order to confirm the successful gene replacement, all the Km' E. co/i colonies 
were tested for the presence of the aph3'typelll gene by colony PCR using the 
primers originally used to amplify the gene from the plasmid pWM 1007. The results 








Figure 6.8. Colony PCR products. All 18 E. coli Km colonies (Lanes 1-18) were tested for the 
presence of aph3'type11l gene in their plasmids. All the colonies were positive for the expected 
product of 1.5 kb. Purified pSC189 and a colony of E. coli DH5cz ?pir containing pSCI89 were 
also used in PCR reactions. As expected they showed no amplified products. Positive control 
was a PCR with pWM 1007 which gave the correct product. The negative control for the PCR 
components was a reaction without template DNA. M=2-log DNA ladder. 
All the obtained 18 E. co/i DH5a 2c pir Km' colonies which were tested by 
colony PCR yielded the expected band at 1.5kb. Colony PCR was performed using 
pSCI89 as well as E. co/i DH5ct X pir containing pSC189 as the template. Both 
showed no product. The plasmid pWM1007 was used in a PCR as a positive control 
and gave the correct product. The observed results confirmed the successful gene 
replacement, the functionality of the aph3'typelll gene in the context of the new 
plasmid in E. co/i cells, as well as the specificity of the colony PCR test. In addition, 
plasmid DNA from a randomly chosen colony which was used in further 
experiments was purified and sequenced. The sequencing result confirmed the 
presence of the aph3'typelll gene in the newly constructed plasmid pSCaphIII. 
As it was planned initially, the newly constructed Himarl transposon delivery 
plasmid pSCaphIlI was used as a tool for insertional mutagenesis of A. butzleri. The 
only difference between pSC 189 (which was already unsuccessful in A. butz/eri 
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mutagenesis) and the new construct was the kanamycin resistance gene. The new 
construct pSCaphIII carries a gene aph3'typelll which is functional in C. jejuni 
compared to the aph3'typell which derives from Tn5 and is found not to function in 
Camp ylobacter. The strategy for introducing the pSCaphIII plasmid in A. butzleri 
was the same as the one used for introducing pSC 189. Three different methods for 
entry were tested: electroporation, conjugation with E. coli SMIO Xpir or heat shock 
transformation (see Fig. 6.4). Disappointingly, we could not obtain kanamycin 
resistant A. butzleri colonies using pSCaphHI with the transformation methods listed 
above. 
A. butzleri is considered to be a food borne pathogen, a close relative of 
Campylobacter. In comparison to the well studied C.jejuni the knowledge of the 
genetics and the molecular basis of the pathogenicity of A. butzleri are at a very early 
stage and has been held up by the lack of efficient system for genetic transformation. 
In this study, in order to develop a tool for genetic analysis of this emerging 
pathogen, different approaches have been experimented. Attempts to transform A. 
butzleri using a broad-host-range plasmid and a shuttle vector were made. Also, an 
existing Himarl transposon delivery plasmid was successfully modified by replacing 
the aph3'typell Km' gene with a gene which is functional in C. jejuni (aph3'typelll) 
and used for insertional mutagenesis of A. butzleri. Regardless of the techniques 
chosen for entry of the plasmids and varying the experimental conditions, we were 
unable to obtain A. butzleri stable mutants carrying and maintaining exogenous 
plasmid DNA or insertional mutants resistant to kanamycin as a result of 
transposition events. 
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Chapter 7 DISCUSSION 
7.1 	Genome mapping of A. butzleri NCTC 12481 
At present A. butzieri is considered to be an emerging foodborne poisoning 
agent. It has been isolated from variety of meat products marked for human 
consumption and different sources of water (including drinking water) around the 
world (Ho et al., 2006). The bacterium is associated with human and animal illness 
and the concerns about its role as a threat to the public and animal health are 
growing. Nevertheless, our knowledge of this organism is still not sufficient 
especially regarding its pathogenicity and genetics. That is why obtaining 
information concerning A. butzleri genome features and possible genetic evidence for 
the presence of virulence determinants would facilitate a better understanding of this 
suspected pathogen. 
In order to improve our knowledge about A. butzleri and its genome 
organization, a physical and genetic map was constructed (Stoeva and Ward, 2006). 
Using one- and two-dimensional Pulsed Field Gel Electrophoresis (PFGE) combined 
with Southern hybridization with homologous and heterologous probes, 35 
restriction enzyme sites and 14 gene loci were positioned on the map of A. butzleri. 
For creating the map, various restriction enzymes were tested for their 
suitability as rare cutters of the genomic DNA of A. butzieri analyzed by PFGE. A 
limited number of fragments were obtained after complete digestion with Sail, Sac!!, 
Fag! and XlioI, (6, 6, 8 and 10, respectively), therefore these enzymes were 
considered most suitable for mapping A. butzleri genome with PFGE among the 
tested enzymes. These findings are consistent with the expectation that an AT-rich 
genomic DNA will be digested infrequently by restriction enzymes containing 66%-
100% GC in their recognition sequence as it is the case for the mentioned enzymes. 
As a comparison, for the purpose of typing of A. butzleri strains, which requires high 
discriminatory abilities, our results indicate Eagl and )7zo1 to be good candidates, 
preferential to Sac! I and Sall in terms of number of fragments obtained. Fag! and 
SacII have been used previously for Arcobacter isolate comparisons by PFGE in pig 
farrowing utilities (Hume et al., 2001). Lior and Wang found XlioI and BamHI most 
discriminatory for differentiation of 60 A. butzleri isolates, producing 5-16 and 9-24 
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restriction fragments, respectively (Lior, 1993). The size of the A. butzieri genome 
was estimated to be 2.57 ± 0.01 Mb by summation of the fragments obtained from 
individual Sail, SacII, EagI, I-CeuI and XhoI digestions and from Sall/Sacli, 
SacII/EagI, SaiI/EagI, SalIlXhoI and SalIII-CeuI double digestions. This compares 
with values of 1.64 Mb for C. jejuni (Parkhill et al., 2000), 1.67 Mb for H. pylon 
(Tomb et al., 1997), 1.80 Mb for II. Ilepaticus (Suerbaum ci' al., 2003) and 2.11 Mb 
for W. succinogenes (Baar etal., 2003), obtained by genorne sequencing. Many 
estimates of genome size by PFGE have been remarkably accurate, though there is a 
tendency to overestimate the size slightly, by 1-6%. For example, the genome size 
for C. jejuni was estimated as 1.73 Mb by PFGE (Karlyshev et al., 1998) and 1.64 
Mb by genome sequencing. Therefore, the approximately 50% larger size for the A. 
butzleri genome compared with the C. jejuni genome indicates that the former 
contains additional 825-1040 ORF based on sequence data from proteobactena of 
similar genome size (Bernal etal., 2001). 
The combined application of one-and two-dimensional PFGE following 
single or double restriction enzyme digests allowed the orientation of the 
macrorestriction fragments and the construction of a circular genome map of A. 
butzleri. PFGE and its two dimensional variants has proved a very reproducible and 
accurate method for mapping and investigating the genome of A. butzleri. The 
empirically optimised electrophoretic conditions used throughout the whole study 
allowed the simultaneous analysis of the entire genome of the bacterium represented-
by a distinct limited number of fragments in an agarose gel in the range of 10— 1200 
kb. 
Using Southern hybridization experiments, 14 gene loci were located on the 
map. Among them, 5 copies of the ribosomal genes 16S rRNA (rrs) and 23S rRNA 
(rn) were detected and precisely positioned on the map. We concluded that A. 
butzleri NCTCI2481 genome contains five copies of the rRNA operon. For all the 
sequenced genomes within the epsilon proteobacteria so far, the most common 
Il organisation of the rrn genes is in the order 16S rRNA, tRNAIIC , tRNAa, 23S 
rRNA and 5S rRNA. However, the number of rrn operons per genome and their 
organization varies both within species and strains. The number of rrn groups for A. 
butzleri was determined to be five, compared with three for W. succinogenes, C. 
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jejuni, two for H. pylori and one for H. hepaticus (Baar et al., 2003; Fouts et al., 
2005; Parkhill et al., 2000; Suerbaum et al., 2003; Tomb et al., 1997). The number of 
copies of the rrn operon in prokaryotic genomes varies from ito 15, with E. co/i and 
Salmonella enterica serovar typhimurium having seven. The reason for such 
variation is not completely clear. There is not a strong correlation between the rRNA 
operons copy number per genome and the bacterial growth rate. The reduction of the 
number of rRNA genes in E. co/i has a moderate effect on the growth rate (Asai ci 
al., 1999; Condon et al., 1995). Overexpression of the rRNA genes may actually 
decrease the bacterial growth rate (Stevenson and Schmidt, 1998). One hypothesis 
for variations in rrn copy number is that it reflects the ability of bacteria to adapt to 
different ecological niches (Klappenbach ci al., 2000). The authors showed that 
depending on the environmental conditions, either a higher or a lower copy number 
of rRNA genes maybe preferable. Is has been suggested that the multiple copies may 
in some circumstances provide an a advantage when a quick response to varying 
environmental conditions is required (Condon et al., 1995). However, for slowly 
growing bacteria, usually isolated from a low-nutrient environment, a low copy 
number of rRNA genes is adequate (Fegatella et al., 1998). 
Using a homologous DNA probe for the house-keeping gene glyA, two 
separate copies of the gene were detected and located on the map of A. butzleni. In C. 
jejuni, W. succinogenes and Helicobacter spp., only one copy of givA is found. The 
genomes of several bacteria contain two copies of glyA. Among the prokaryotes, 
only in Pseudornonas aeruginosa PAO 1 are three copies of glyA found (Stover ci' al., 
2000). Two are extremely closely related and the third differs in the first 50 amino 
acid residues of the N-terminal region. The significance of multiple copies of glyA in 
a genome is not known. Gene duplication has been considered an important 
prerequisite for gene innovation which facilitates adaptation to changing 
environments (Gevers et al., 2004). It has been found that microbial genomes have a 
considerable fraction of genes that are homologous to other genes within the same 
genome which is a result either from a duplication event or from a horizontal gene 
transfer (Fredj and Bernard, 1999). Gene duplication occurs as an evolutionary 
response in bacteria that have been exposed to different selection pressures, such as 
starvation or thermal stress (Yamanaka ci al., 1998). This presumably enables the 
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organisms to adapt to the varying environmental conditions and to broaden the 
phenotypes that they express. 
Heterologous DNA probes for C. jejuni genes were prepared and used in 
Southern hybridization but all of them failed to give signal with A. butzleri DNA. 
Despite lowering the stringency of the conditions, we were still unable to detect the 
potential A. butzleri gene homologs of the selected C. jejuni genes (peb3, aspA, 
sodB, galE, wlaH and kpsT). These findings suggest a possible large heterogeneity 
between homologs of related species or the lack of these genes in A. butzleri genome. 
7.2 	Attempt to identify virulence factors of A. butzleri 12481 
Following the construction of the genome map of A. butzleri the next goal 
was to search for evidence of virulence factors. The strategy involved two 
approaches both of which were based on the presumption that being morphologically 
and physiologically close to Campylobacter, A. butzleri would also show similar 
genetic and molecular evidence of virulence determinants. The first approach aimed 
to PCR amplify genes which products are confirmed to be involved in 
Campylobacter virulence. An example is cdtB which is part of a three-gene operon 
(cdtABC) encoding a holotoxin called CDT - cytolethal distending toxin (Pickett and 
Whitehouse, 1999). CDT is produced by a diverse group of bacterial pathogens 
therefore it seemed logical to check the possibility of the presence of the encoding 
gene in A. butzleri genome. We were unable to obtain a specific PCR product despite 
the use of degenerate primers and annealing temperature gradient PCR. Our findings 
are supported by the fact that no CDT amplimers were observed in any of the 
Arcobacter isolates investigated by Johnson and Morano as well. However, toxicity 
to HeLa and 1NT407 cells was observed (Johnson and Murano, 2002). The authors 
suggest the production of a toxin which acts in a different manner than that of CDT 
of Campylobacter spp. 
Another example of a gene(s) encoding a virulence determinant in C. jejuni is 
flaA/B. F1aA and flaB are 95% identical and encode the flagellin subunits of the 
flagellum which is an important virulence factor in C. jejuni. Although an A. butzleri 
FlaB protein was isolated independently (see below), the primers designed on 
conserved regions of C. jejuniflaA/B genes could not specifically amplify A. butzleri 
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butzleri DNA in a gradient PCR experiment. However, unspecific products were 
amplified and a band of about 1 kb was purified and sequenced. The translated 
sequence of this A. butzleri DNA band showed homology to Aspartyl-tRNA 
synthetase of Wolinella succinogenes (38% identity), Thiomicrospira denitrificans 
(38% identity), C. jejuni (36% identity), followed by H. pylon (34% identity). 
Interestingly, although primers were carefully designed on conserved regions of the 
supposed closely related C. jejuni, they failed to amplify the homologous flagellin 
encoding gene in A. buizieri. Even more, they amplify a different gene of A. butzleri 
which appears to share higher homology with sequences of W. succinogenes and T 
den itnifIcans rather than with C'. jejuni and H. pylon. 
We were interested to determine whether A. butzleri contains homologs of C. 
jejuni PEB3, an immunogenic protein with a putative role in epithelial cell 
adherence. The primers designed from the C. jejunipeb3 sequence amplified two A. 
butzleri sequences of 1.2 kb and 0.6 kb, respectively. Both bands were sequenced but 
no homology to the C. jejuni PEB3 protein was found in any of the translated 
sequences. The larger fragment showed homology to both RpoBC of Wolinella 
succinogenes (60% identity) and RpoC of C. jej uni (57% identity). The smaller 
fragment of the PCR reaction with PEB3 primers showed homology to part of the 
pg/Fl wlaL of C. jejuni, encoding a putative sugar epimerase now known to be 
involved in protein glycosylation (Power and Jennings, 2003). Further experiments 
were carried out to obtain the whole sequence of the gene as well as the neighboring 
genes in A. butzleri. The whole putative pg/F of A. butzleri translated into an ORF of 
574 residues and showed very high similarities in BLAST searches to a dTDP 
glucose 4,6-dehydratase of Francisella tularensis (48% identity), PglF of W. 
succinogenes (43% identity) and the PgIFIW1aL protein of C. jejuni (41% identity). 
Again, both A. butzleri genes (rpoB/C and pg/F) show higher homology to sequences 
of W. succinogenes followed by C. jejuni. Although the described genes represent 
very small fraction of the genome of A. butzleri, the fact that they appear to share 
more homology with sequences of W. succino genes rather than C. jejuni raises the 
question whether A. butzleri is really such a close relative to C. jejuni or is likely to 
be more similar to W. succinogenes. 
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PgIF has been shown to have a role in the general glycosylation pathway in 
both Neisseria meningitidis and C. jejuni. N-linked glycosylation has been shown to 
be important in adherence of bacteria to epithelial cells, and C.jejuni mutants 
defective in glycosylation have been shown to have impaired intestinal colonisation 
(Szymanski et al., 2002). It is worth noting that W. succinogenes which is a 
commensal of the bovine rumen and is considered to be non-pathogenic also has a 
glycosylation gene cluster. The order of the genes in this cluster is mostly (10/13) the 
same as that found for C.jejuni but there are also additional genes inserted (Baar et 
al., 2003). This conservation of gene order is relatively unusual for bacteria of the 
epsilon subgroup of proteobacteria; these bacteria are only weakly clonal and 
genome comparisons have shown little synteny. The finding of a pg/F homolog in A. 
butzleri raises the intriguing possibility that glycosylation is also a feature of the 
biology of this organism. Sequencing of the region around pg/F, however, did not 
verify the presence of such a cluster or the same gene order as that found in C. jej uni 
and W. succinogenes. 
The key gene in thepg/ gene locus in C. jejuni is pg/B encoding an 
oligosaccharidyltransferase which transfers the glycan to the protein which is 
glycosylated. PgIB homologs are found in several eukaryotic and archaeal species 
and they all have a conserved C-terminal catalytic domain (WWDYG). Degenerate 
primers were used to amplify a potential A. buizieri pg/B homolog. As found with 
other attempted gene amplifications, A. butzleri DNA was not PCR amplified with 
heterologous primers and a specific candidate for pg/B was not obtained. One 
possible explanation for the described findings could be that there is a system for N-
linked protein glycosylation in A. butzleri involving pg/F but operating in a different 
mechanism which does not require the gene order of the C. jejuni pg/locus, nor 
requires a PgIB homolog. Another explanation of the presence of pg/F and the lack 
ofpg/B and the specific gene order could be that pg/F is involved in processes 
distinct from the N-linked pathway. 
In support of the first speculation, we were able to detect potential 
glycosylation modification of an A. butzleri protein - a component of the outer 
membrane. Sarkosyl extract of outer membrane proteins and glycine acid extract 
were subjected to a glycoprotein staining procedure using Glycopro kit (Sigma). A 
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protein band of about 45 kDa from the sarkosyl outer membrane extract gave signal 
for the presence of a glycan modification (Fig. 4.7, page 88). Our initial attempts to 
identify this putative glycosylated protein as well as the other outer membrane 
proteins failed, because the obtained mass spectrometry results did not match any of 
the proteins in the databases. As explained before, recently we were given in 
confidence a draft genome sequence of A. butzleri which allowed us to perform a 
new search against the A. butzleri translated database. As a result, the putative 
glycosylated protein of about 45 kDa was identified as PorA - major outer 
membrane protein. The homologs of PorA in C. jejuni and other bacteria has not 
been shown to be glycosylated, therefore it is a possibility that the positive signal for 
glycosylation as demonstrated in Fig. 4.7 is non-specific. The use of more sensitive 
glycosylation detection stains, combined with a more detailed biochemical analysis 
of the A. butzleri PorA could clarify whether it is glycosylated or not. The other 
proteins from the sarkosyl outer membrane extract were identified as FlaB and CadF. 
In addition, the main protein band from the glycine acid extract was identified as 
FlaB. Notably, both extraction methods are suitable for the enriched extraction of the 
flagellin protein. Both PorA and CadF are not extracted by the glycine acid method 
at least not in equivalent amounts as from the sarcosyl extraction, judged by the 
Coomassie stained SDS-PAGE gels (Fig. 4.7A, page 88). This observation seems 
logical as the glycine acid extraction method has been shown to be related to proteins 
with high p1. FlaB of A. butzleri has a predicted p1 9.6, PorA - p1 4.3, CadF - p1 4.8. 
As a comparison a study of the outer membrane proteins of C. jejuni, has revealed 
that the antigenic protein mosaic of the C. jejuni cell surface is made up of the 
flagellum, the major outer membrane protein, and a 31 kDa surface-exposed acid 
dissociable protein (Logan and Trust, 1983). 
In the process of looking for surface molecules of A. butzleri which could be 
involved in virulence, we detected the presence of a high molecular weight (HMW) 
fraction of polysaccharides from a protein-free sample of A. butzleri visualized by 
Alcian blue staining. Our experiments demonstrated a lower molecular weight 
fraction at a relative molecular weight of 6.5 kDa and the HMW fraction at about 20 
kDa (Fig. 4.9, page 93). Such fractions of a protein-free extract have been 
demonstrated for C. jejuni and the 1-1MW fraction was shown to be the capsular 
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polysaccharides (CPS) (Karlyshev and Wren, 2001). Additionally, electron 
microscopy experiments with A. butzleri cells stained with Alcian blue illustrated an 
electron dense material surrounding A. butzleri cells which has been shown to be the 
polysaccharide capsule in similar experiments with C. jejuni (Karlyshev et al., 2001). 
These findings could be the first evidence to our knowledge for the production of 
CPS and the formation of a polysaccharide capsule by A. butzleri. A large gene 
cluster (kps) containing genes involved in capsular polysaccharide biosynthesis and 
assembly has been found during the sequencing of the C. jejuni genome (Parkhill ci 
al., 2000). Intriguingly the draft genome sequence of A. butzleri which we were 
provided with, does not reveal the presence of such a cluster and only one A. butzleri 
homolog of the C. jejuni kps genes has been recognized and annotated so far. This 
suggests the possibility for an alternative capsule biosynthesis pathway responsible 
for the electron dense formation, observed on the surface of A. butzleri cell in the 
electron micrographs. 
These controversial results could demonstrate that despite these two 
organisms (A. butzleri and C. jejuni) are considered to be very close relatives and can 
even exhibit similar phenotypic, biochemical and morphological characteristics, their 
genetic machinery is differently structured and controlled. 
7.3 	Attachment and invasion of Caco-2 cells by A. butzleri 12481 
The investigation of the potential properties of A. butzleri as a pathogen 
followed a strategy which led logically to the question how does A. be.tz1eri interact 
with epithelial host cells. For the purpose we used tissue culture of Caco-2 cells 
which has been previously established as a model for studying the bacterial-host cell 
interactions in Campylobacter spp. (Everest ci al., 1992). 
A. butzleri was shown to remain firmly attached to the epithelial cells in vitro 
after 3 hours of infection followed by extensive washes. Moreover, combined 
attachment/invasion experiments revealed that A. butzleri is also capable of invading 
Caco-2 cells. The ability of A. butzleri to invade Caco-2 cells was also demonstrated 
to be in a gradual, time-dependent manner. The abilities of A. butzleri to attach and 
to invade epithelial cells in vitro were quantified by the numbers of the recovered 
attached and internalized bacterial cells. The results showed that the number of the 
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attached A. butzleri cells to Caco-2 cells was 3 x 106  and the number of the 
internalized bacterial cells - 2 x i0 5 . The same experiments performed for C. jejuni 
revealed the following numbers: attached cells - 5x10 4, and internalized cells - 5x10 3 
(MacCallum et al., 2005) for the same initial numbers of infected epithelial Caco-2 
cells (106)  and infecting bacterial cells (108).  A comparison of the results for both 
bacteria is illustrated on Fig. 7.1. 
A. butzleri C. jejuni (MacCallum 
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Figure 7.1. A comparison between the levels of attachment and invasion of Caco-2 cells by A. 
butzleri and C. jejuni. 
The results from the combined attachment/invasion experiments for both A. butzleri 
and C. jejuni demonstrate a similar behaviour when the bacteria are in contact with 
their host (in this case cultured epithelial cells - Caco-2 cells). Further, direct 
evidence for the observed capacity of A. butzleri to attach and to invade Caco-2 cells 
could be obtained from a combined attachment/invasion assay followed by electron 
microscopy which will visualize these abilities and will also reveal possible 
mechanisms for the infection process. 
Strains of A. butzleri have been tested for adhesion and invasion abilities on 
different cell lines. A study by Carbone and coworkers showed that only six out of 
17 A. butzleri environmental isolates were able to attach to both Hep-2 and HeLa 
epithelial cell lines in vitro but five out of the six were also toxigenic (Carbone etal., 
2003). This indicates the significant correlation between the attachment ability of A. 
butzleri and the following steps of the infection process such as secretion of toxic 
factors. Another study illustrated that only one out of 18 river water isolates of A. 
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butzleri which induced cytotoxic effect, was able to attach to HeLa and 1NT407 cells 
in vitro and invasion was not observed (Musmanno et al., 1997). These results reveal 
a phenotypic heterogeneity among A. butzleri isolated from environmental sources, 
but also indicate that some strains could be potentially virulent. The pathogenicity of 
Arcobacter spp. has been tested on animal models and it has been shown that all of 
the tested strains could colonize and multiply in the piglets' guts but only A. butzleri 
strains were able to invade into internal organs of the infected animals (Wesley et al., 
1996). One of the A. butzleri strains used in the above study was also used to infect 
chickens and turkeys (Wesley and Baetz, 1999) but it was found that it could not 
colonize and invade the chickens and only was recovered from cloacal swabs of 
highly inbred turkeys. These findings suggest that the attachment and invasion ability 
as well as the virulence of the A. butzleri strains studied so far vary and could also be 
host-dependent. 
Several surface exposed molecules (adhesins) have been shown to be 
involved in the attachment to the host cells in campylobacters including CadF, JIpA, 
LOS, MOMP, PEB1 and capsule. Adhesins of A. butzleri are poorly investigated 
therefore we were interested to identify molecules which possibly mediate the 
attachment. The presence of CadF (fibronectin binding protein) in A. butzleri was 
investigated. Initially we tested the ability of immobilized A. butzleri cells to bind to 
fibronectin in an ELISA experiment. Secondly, various protein extracts of A. butz!eri 
(including outer membrane protein extracts) were analyzed for the presence of 
proteins binding to fibronectin on a Western blot. Although the ELISA results 
indicated that fibronectin binds to A. butzleri cells, none of the protein bands from 
the A. butzleri protein extracts gave signal after detection for bound fibronectin. The 
observation could be explained by a low sensitivity of the detection as we were 
unable to detect even the C. jejuni CadF present on the same Western blot. Another 
possibility may be the requirement of the potential fibronectin binding protein to be 
in a native form and not in a denatured form. As explained before, at the time when 
the experiments were performed we were unaware of either the A. butzleri genome 
sequencing project, or the presence of a cadF gene in the genome of A. buizieri. 
Therefore we decided to look directly whether A. butzleri has a gene homolog of the 
C. jejuni cadF. Degenerate primers of the conserved regions of the C. jejuni and W. 
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succinogenes cadF sequences did not yield any specific A. butzleri potential 
homolog of cadF. The result (not obtaining a PCR product) did not mean the absence 
of the A. butzleri cadF, but suggested that the binding to fibronectin could be 
mediated by a different bacterial protein (or a set of proteins). 
Another interesting observation was that the levels of attachment of A. butzleri to 
Caco-2 cells compared to C. jejuni were higher (Fig. 7. 1), but this did not correspond 
to the levels of binding of the bacteria to fibronectin (C. jejuni showed higher rates of 
binding to fibronectin as judged by the ELISA results, Fig. 5.6, page 102). Therefore 
it could be hypothesized that binding of A. butzleri to Caco-2 cells apart from 
fibronectin and the potential fibronectin-binding protein involves additional 
mechanisms and mediators. 
The analysis of the genome sequence of A. buizieri (obtained after the 
experiments were completed) allowed us to verify the presence of cadF gene and 
also to identify as CadF one of the proteins from an outer membrane protein extract. 
All these intriguing findings and possibilities clearly need further 
investigation which would be greatly facilitated by the presence of established 
molecular tools for genetic modification of A. butzleri. For instance, the generation 
of a library of random mutants could provide more direct evidence for the proteins 
involved in the bacterial-host cell interactions. A knock-out mutant of the identified 
cadF could also clarify its role for the attachment to Caco-2 cells. 
7.4 	Attempt to develop a tool for A. butzleri transformation 
The need for tools for genetic analysis of A. butzleri as an emerging food 
borne pathogen, which is poorly understood, has been clearly indicated. Therefore, 
initial experiments to develop a method for genetic transformation of A. butzleri were 
carried out. Attempts to transform A. butzleri using a broad-host-range plasmid or a 
shuttle vector were made. Also, a Himarl transposon delivery plasmid was used for 
insertional mutagenesis of A. butzleri. Regardless of the techniques chosen for entry 
of the plasmids (electroporation and conjugation) and varying the experimental 
conditions, we were unable to obtain either A. butzleri tranfrormants which can 
maintain exogenous plasmid DNA or insertional mutants as a result of transposition 
events. 
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In this study the shuttle vector pWM 1007, which has been designed for 
campylobacters carrying a campylobacter-derived origin of replication and 
kanamycin resistance gene failed to transfonn A. buizieri. Despite the fact that 
various shuttle vectors have been previously described for Campylobacter spp., these 
vectors have not been proven versatile (Karlyshev and Wren, 2005). The authors 
were unable to introduce any of the available shuttle vectors into the sequenced strain 
C. jejuni NCTCI 1168. In addition, even in a few cases of successful introduction of 
shuttle vectors into campylobacters as described before by other authors (Miller et 
al., 2000), additional steps have been required to overcome host-specific restrictions. 
For example, to be able to introduce pMW1O-based vectors into C. jejuni RM1221 
by electroporation, Miller and coworkers had to conjugate these vectors first into a 
streptomycin resistant derivative of this strain and then only plasmids extracted from 
C. jejuni could transform the same strain. However, other strains, carrying different 
restriction-modification systems would be refractory to acquiring this DNA. 
In conclusion, the failure to transform A. butzleri could be due to 
unsuccessful entry of the plasmids, problematic selection marker expression or 
plasmid replication caused of requirements for species specific promoters or origin of 
replication, DNA restriction and modification systems and in the case of the 
transposon mutagenesis it could be also the suitability of the transposase promoter. 
Analysis of the results and the possible reasons for them has suggested that 
one way to overcome these difficulties is to design vectors for transformation of A. 
butzleri on the basis of Arcobacter-derived plasmids. Small plasmids of up to 5 kb 
have been detected in 21 of 89 A. butzleri isolates (Harrass et al., 1998). Ideally, 
these plasmids (and others if found) could be purified, sequenced and provide 
valuable genetic Arcobacter-specific material for the construction of more suitable 
vectors. 
7.5 	Conclusion 
At the beginning of this project the question was: "Is A. butzleri a pathogen or 
not?". At the end of the investigation the question still remains. But the difference is 
that now we possess more knowledge about this organism obtained as a result of our 
study. Here we provide novel information of A. butzleri genome through the 
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construction of a physical and genetic map which allows a better comparison 
between A. buizieri and related pathogenic and non-pathogenic bacteria; serves as a 
basis for more profound analysis of individual A. butzleri characteristics prior to the 
release of the genome sequence. The initial evidence of potential virulence factors of 
A. butzleri including the identification of three outer membrane proteins with 
potential role in virulence in other pathogens, the prospect of protein glycosylation 
and the formation of a polysaccharide capsule provide a solid foundation for 
deciphering A. butzleri role as a pathogen. The investigation of the bacterial-host 
cells interaction of A. butzleri and Caco-2 cells in vitro demonstrates its invasive 
behavior and suggests the possible mechanisms by which it may cause disease. The 
unsuccessful attempts to transform A. butzleri, in order to develop genetic tools 
which would speed up the research of arcobacters, represent that absolutely 
necessary part of every scientific research that indicates the correct directions 
towards the realization of the ultimate aim. 
I believe that the results and the conclusions presented in this work could be a 
challenging starting point for new projects which would significantly shorten the 
time and efforts required towards answering the main question: Is A. butzleri a 
pathogen or not? 
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